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PREFACE 


After assimilating the knowledge presented in Book I, the student 
will find that the work in this book is on a little higher level. However, 
with the foundation already made with the first book, he should have 
no difficulty in understanding the work presented here. 

It is well to realize that Books I and II do not by any means cover 
the limits of this field of work, but do give basic, fundamental lessons, 
which I have found to be important after many years of instructing in 
Technical Schools. Outstanding difficulties of the average students have 
been noted, and these lessons are intended to ease them over important 
parts of their course when misunderstanding is likely to occur. 

The student will find that after covering the work in Books I and II, 
he can read intelligently and study the many excellent books of the 
chapter type, and the up-to-date bulletins so freely offered by the many 
industrial firms. It lias also been found, from experience with students, 
that definite lessons such as are presented here, supply their immediate 
needs, and can be assimilated in the least possible time. The student 
need not spend his time writing notes, and when revision time for 
examination comes, his allotment can be specified in a definite manner. 

Books I and II, have been written on the assumption that there are 
“levels of learning”, and that the student learns best when presented 
with work he is able to master, and is not worried by difficult things until 
he is well able to learn them. The writer feels sure that after this work 
has been covered thoroughly, the student will find that he can con- 
fidently and independently use the many excellent books available in the 
more advanced sections of this field of work. 


Harry A. JONES. 
Vancouver, B.C., 
July 11, 1930. 


DISCARDED 
FROM 
LEGISLATIVE LIBRARY 


Victoria, B.C. 128407 


~~ 





ACKNOWLEDGMENTS 


The author and the publishers wish to acknowledge 
with thanks the valuable assistance given by the follow- 
ing gentlemen: 

Mr. John Kyle, Director of Technical Education for 
the Province of British Columbia. 

Mr. J. G. Lister, Principal of the Vancouver Tech- 
nical School of Vancouver, British Columbia. 





A 09 bo TI OUR 09 PO 


pe Ore St eS 


ga etre 


CONTENTS 


Srotion I—BENCHWORK 


PAGES 
VAIN: PSEA RINGS « .cscasijagnstas es areaeesgoandrearctioapatnyscaztsdeanscetniese 1, a 2 
EMEP SUMS OUI NPE NYG caer te or aes anca dusgi se'veaus arkisina¥ aude cheushines taser 4, 5, 6 
DPE on Crisis: Atm Erte” LIGHE :..5;-rapsteasdankeasussadorerepavesenes 1; 8) 
Ges EMEP SOIUDINEUE NG cance cca ceVeas cea scoiaercaet ois dessa i oocscas bicbovatein count VO Ts 2 
BRAZING AND SILVER SOLDERING .,.1<bsisccacciceseacs eosvsonaescaroezenee 18, 14, 15 
RNOIEPAUUINUG! Stace nor, eee aera prace ear hc det on eer casscedti cai tas sceieees 16; 17%, 16 
CHORATTONG: ON ISHNGEFW ORE sacccecstiscsersecvae psscssensunesssohalecuuervies 19, 20 
Section I]—Dri.uine 
err ARMS ORCA. TWAS IRIN Lcenckscateswnt eestecesees essacettosteviens 21, 22, 23 
Baier GRINDING VARIATIONS! <scatesc-aehersssnscsdseouteceswacaovaspsrguater 24, 25, 26 
ene: EMORY On Dita GRINDING * ..<.c0s0ss0es20secssosguvsedesbessones 27, 28, 29 
PIRI GQUUISTTONIS:. -ccconnaceestaccctsuenactuss aeeasaueceeocavnncsenedia sat conenotospeternes 30 
Section I] J—LAatTHEWORK 
THE Eeep MECHANISM OF THE DATHE .....c.....scccccoccssssssessces 31, 32, 33 
AEN ORINEUINTG ©. Sao aauccbcousssooee. cava teteaeseason tices a teacoe PACE oud ee ee 34,.35, 36 
MINER VIER FONT ada cdlanuaded saeare eee ote Me dee dase UE N doe Boones ol, do, oo 
DRILLING AND REAMING IN THE LATHE .......cccssccssssscesecees 40, 41, 42 
IBC CRINGE REC 2 LURING? was caren: vadetcswstesqoresdese oes cat ooetoasesenteunsadaas tee 43, 44, 45 
Reyacrrseniry “Ge APR TIN Gee taste be Eh cnt Ses hla, sce saendce buctest At ate G oscwi des dacveoevs 46, 47, 48 
@wMEINE Ay WSS. REREAD: scocsdhiscassousstassescousecneseodecssoeacavecses 49, 50, 51 
SETTING THE THREAD TOOL FOR SCREWCUTTING ......cesseceees 52, 538, 54 
SERENA DINE LOOMS snes scape sicsaiaestseversees carghDapnasensSeees abecnacests tats Dd, 56, 57 
AY UR yA SOHN Go UREN PR HUAN Se Sea ape one eat eWiesarieainc ove see ade nieve acca neduas coast 58, 959, 60 
MEG Ss: OR Al MEPRWAT ID TAT. oc ccnsebesversevtecvedsseowocacsbucceteeaeth 61, -62, 63 
CUOMTING- A SOUARE, "TERWAD  ovssuslitssapcgnsversncdaseervsendeotasdeieures 64, 65, 66 
CwnTeTe AN ACW, TERA ng. desscccecccgsac ene torasepessasavecsosvqanvess 67,68, 69 
CURING VEUHERE RE DHREADS) ¢ssessscocsaccewnaceiceonsatevasselipsseustiess tO, vil, 42 
JG SEFENVORS  QUUESIION GS nicecstrssecearectevocstucrsssevmmscevonsbece sas 13, 14, Td, T6 
Section I[V—PuANING IN THE SHAPER 
ME SEAR ER oUF ORTAINTOM, Avesevectewstvoststerlssdcteactesetevalsseosjeade 115, 185 Oo 
SEDAN? Hits EIA TONG mire auetwiseh sucicoeseresdesteitabr sei cbiesnacveveicsSestens 80, 81, 82 
EEA TS Ie UDG ieee tee guestetedavaw¥r.erieelesviasictivavshesd<dedsartenttenseraelve 83, 84, 85 
QUBSITONE ON (SEUAPER, WORK c2icacecocedi loscecieestsesdesesssoasevetcersosavece 86, 87 


LEGISLATIVE LIBRARY 
VICTORIA, B. C. 


Vill 


CONTENTS 





So Be eS ST Se Si one rie Si 


Sa SS a 


SEcTION V—MILuLING 


PAGES 
Dinnor AND PLADN Tape xine <.1.ssaccccceeieeeee eee 88, 89, 90 
THE PRINCIPLE OF INDEXING AND FLUTING A REAMER.... 91, 92, 93 
SPIRAT: IMUUIING  ...,.scvehesenpeettstescecdeaste eee nee ee 94, 95, 96 
DirraRENTIAL INDEXING (MOETHOD)” .....s10+:-0osssenessceversarees 97, 98, 99 
DIFFERENTIAL INDEXING (CALCULATION) .....ccssccssscerees 100, 101, 102 
QUESTIONS On MinuEINeG: 3.2)8 Ae 103, 104 


SrecTIoN VI—GRINDING 


ABRASIVES UsEp IN GRINDING AND Po.LisHING.. 105, 106, 107, 108 


PRowiin Or LATS “TOOK Si).ccsiscaccoeteonsettne eee eee 109, 110, 111 
GUBARAINOR AND: TRA TCR) <...¢c.scneccgutseacsecoterepseeres eee ene 112, Tis, 114 
CumpenG ANGTES) 4sccccsccsspeesssvetyeceettantaneee tetas M5, 116, DY 
Pr TMaRORy Or CUMPING s .cicsacccaesctee eee eee 118, 119, 120 
HEATURES OF SPRCTAD ROOMS: «c:chsannee ee 121, 122, 123 
Tom TOOL AND woe OBIP™ 32 tate ee 124, 125, 126 
TOOLS FOR PRODUCTION MACHINES .....csc:c.cssssecssccscecesees 127, 128, 129 
QUESTIONS -ON. GRINDING <0... 130, 131 


Section VII—SHop MatHEMATICS 


GrRIATe  VANDIOS. . 2 ccc8 caseiveoieeeyles ee tae eee eee ee 132, 133, 134 
GEARING FOR “VHRBADS: s.cceieideeteaesidasee eee eee 135, 136, 15% 
PROBLEMS ON THE SQUARE AND CIRCLUB .........cccsseseeeeeees 138, 139, 140 
INTRODUCTION TO PRACTICAL TRIGONOMETRY ........0000+4 141, 142, 142 
PROBLEMS. IN /TRIGONOMBERY k..cacsseie. ce eee 144, 145, 146 
PROBLEMS IN APPLIED TRIGONOMETRY ........csceseereeeeeeeee L47, 148, 149 
QumsTions. ON MATHER MWATIOS: 2.180.408. oe 150; 15, 192 


Section VIII—SuHop Science 


INTRODUCTION TO SPUR GWARUNG ..n..10) eee 1538, 154, Boo 
Gran’ ToorE PROPORTIONS «cess een eee ee 156, 157 
EERE WERVTOOR ag caveaabes Ane ceuhesdovece one eee ee 158, 159, 160 
Heat TREATMENT WMH ENITIONG 7.7.00. ee eee 161, 162 
TABLES OF EowAq TRB AaIMEINUD y, 2.002 ccoene parcenueaeee ep ares ee ee 163 
Heat TREATMENT OF CARBON TOOL STEEL .............00. 164, 165, 166 
EL ARDENING 1S WEE) 10.5 -spqreecarneoes lees emer ee 167, 168, 169 
Heat TREATMENT WITH MopDERN EQUIPMENT ............ L7G, dvd, V2 
Ouriine of Hmm TRRADMEINT “Aine eevee 173, 174, 175 
THe MrcHANICS oF SimpLte Macuine SuHorp Toots.... 176, 177, 178 
Tan MrcHanics or Jiariie “TG0ns given aweee eee. 179, 180, 181 
MACHING ,TO00n, OPERATIONS ex.aniaweene nme 182, 188, 184 
Processes USED IN THE MANUFACTURE OF STEEL......... 185, 186, 187 
CLASSIFICATION OB SUWEy: «caves vneces sain ctete eee nee 188, 189 


QUESTIONS ON SHOP SOUNGE .iccc.ssneeene 190, 1971, 192. 193 


CONTENTS 1x 





ere ee 


TABLES 
PAGES 
CoLoURS AND TEMPERATURES FOR ForGING AND HARDENING...... 194 
HUNDREDS TOENS eee Rs lg oe Si eepnsieeenstd 195 
HarDNESS VALUES OF METALS FOR SHORE SCLEROSOOPE .....+.-+ 196 
ENR OATES “CCNUPATIND <spscssssvshigsascerdesnavonecasaconcodsencesaetivacveraiee 197 
RS CVUE Cru WeNeta Tas SOHN Eli « ...c5.t scaly es ran Waidaveacesvesasciede'cdeeascuaiessovacdhCadeitaareaduabe 198 
TNVOLUTH AID) WPIOYOLOIDAT, CUTTERS s..csersecscenciqersrcreretsarsennsasnzenss . 199 
NEAOOD ey TOTEM TTEINTIOVOINS: ss asadary seceda sues netersd vee tenass andusvehbeoasbavoseivasocenatant 200 


UniTEep States STANDARD THREAD—S.A.E. STANDARD THREAD 201 
WHITWORTH STANDARD THREAD—BrRITISH STANDARD FINE 


SIVERERRE AUR eo. cet eM ee es ee ee ee, hee ey het eee 202 
ES CUVEEHE: SANTA) I ERIVIBVATI) cecec'ss 5 cso cs No sas sapasn cao aens kictseensueasicg¥douae 203 
DECIMAL EQUIVALENTS OF PARTS OF AN INCH wisssccccccsssscssscesnceeeees 204 
DIFFERENT STANDARDS FOR WIRE GAUGE ....cccssccccessssseesssceeereeceeeee 205 
CSET A Tre Pe eyo EWAUTNU EST? | ces 5. ous ead cc se ch aba suisokteouseee coos soliee ides easssoneecasra 206 
BRIGGS OLANDARD: PIPE "WEMRTIAD cccs.ccsiscaccountsevyrsasessaseesdsvasdoapeseees 207 
PNUD SPAONUEANVONEE HOE AED LS too a 2, sec veddssey ta vsaec eka sac nevewsbieecs ercanebersnseacasase 208 
VER OERINIED SOREN SL EDRBUATDS yastocnsscsspevavehastscdesseelavasvesencasnesontonaseeseusece 209 


WBNS HENGa GRE sa spastic sas eae outtecs sa saahavcdpeiue teats eoeie eugene coe 210 to 216 





BENCHWORK 
BABBITTING BEARINGS 


Babbitt is an alloy metal, usually consisting of varying proportions 
of tin, antimony, lead and copper, with sometimes a trace of arsenic or 
bismuth. Babbitt is used as a means of lining a bearing because of its 
anti-friction properties. When the bearing becomes worn, the babbitt 
can be melted out and the bearing re-babbitted. Although jigs are used 
in standard work, it is advisable for a bench hand to be able to pour a 
solid or spht type of bearing with equipment on hand. 


Solid type of bearing. Diagram (1). Before babbitting such a 
bearing, provision must be made to support the mandrel in the correct 
axial position so that the bearing when poured will be in correct align- 
ment with the rest of the machine. Stops must be used to prevent the 
molten babbitt from leaking out. If clay or putty is used in the manner 
shown on the left of diagram (1), the babbitt will not finish square with 
the end of the bearing. A piece of cardboard, as shown in diagram (2), - 
should be used to stop the end square and this can be supported and 
sealed by clay or putty or by a wood or metal stop on the outside. 


Air vents. Diagram (3). All bearings should have an air vent so 
that, as the molten metal rushes into the bearing, the air will not be 
trapped but can escape freely. Pouring dams will provide a means of 
pouring the metal fast. It is very important in pouring a bearing, that 
sufficient metal is available and the metal should be poured continuously 
to obtain a homogeneous babbitt metal layer. A poor job is shown in 
diagram (3). A joint shows where the pouring stopped and if tested 
the upper part would separate easily from the lower part. 


Heating the bearing before pouring. If at all possible, this pre- 
caution is essential so that the soft metal will not chill and solidify 
before the bearing box is full. Heating the bearing is also necessary from 
a safety standpoint because if there is moisture in the bearing there will 
be an explosion. 


Heating the babbitt. The babbitt should be just hot enough to char 
a thin pine stick which is immersed in the babbitt to test the temperature. 
It is advisable to stir the babbitt before pouring, to be sure that all the 
metals are properly mixed. The dross which forms on top of the 
molten metal in the ladle should be skimmed off just before pouring. A 
small piece of rosin added just before pouring helps to make a smoother 
bearing. If the babbitt is overheated the various metals tend to separate 
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and some lose their anti-friction property. If the babbitt remains heated 
for any length of time, keep it covered with a layer of broken charcoal to 
prevent undue oxidation. 


Anchoring the babbitt to the bearing. Some bearings have dovetail 
grooves cast in them, as shown in the two views in diagrams (4) and (5). 
Others have holes drilled in them, as shown in diagrams (7) and (8). 
Hither of these methods locks the babbitt to the bearing and can be 
improved by peening the babbitt with a hammer to make the babbitt 
adhere. Without some anchor, the babbitt would loosen and turn with 
the shaft it is intended to support. 


Pouring a split bearing, as in diagrams (6) and (7). Cardboard 
liners are used to provide spaces for the shims, and these liners are cut 
as shown in diagram (6) to allow the babbitt to run to the lower bearing 
when being poured. Large bearings are often poured in a vertical posi- 
tion to prevent shrinkage holes forming in the babbitt as it cools. 


Properties of the metals used in babbitt. Lead is a good anti- 
friction metal but it is very soft. 


Tin gives strength, toughness and makes the metal dense. It also 
acts as a solder to unite the metals. 


Antimony gives hardness and expands when cooling, which helps to 
lock the babbitt in the anchor holes. 


Copper creates toughness and hardness. 
Bismuth is sometimes used to prevent shrinkage. 


Forming oil grooves. One method is shown in diagram (9) by 
wrapping a cord around the mandrel before pouring. Usually the oil 
grooves for distributing oil throughout the bearings are cut with a 
round-nosed bent chisel. Ovzl holes can be left open by placing wooden 
plugs in them before pouring the babbitt, as shown in diagram (10). 


Removing the Mandrel. This must be done as soon as the metal sets, 
as the contraction of the babbitt will hold the arbor or mandrel tightly 
and make it difficult to remove. A piece of paper may be wrapped 
around the shaft before pouring; this reduces the amount of scraping 
and allows one to remove the mandrel with ease. A coating of cylinder 
oil on the mandrel also helps to make its removal easier. 


Scraping the bearing. A shaft is used in the bearing to test the 
accuracy of the scraping. The shaft is covered with prussian blue to 
mark the high spots, as shown in diagrams (11), (12), (18). A bearing 
scraped as shown in (13) is considered good. 
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BELT FASTENINGS 


There are many methods used to fasten the ends of belts together, but 
the most effective method is by shaving down the ends of the belt to 
form a “scarf” and cementing the two parts together. From a safety 
point of view, this is unquestionably the best method to consider. Many 
mechanics have received bad cuts from moving by hand belts fastened 
with metal fastenings. Moreover, whenever a belt is pierced for metal 
fastenings or for leather lacing, the belt is very much weakened and will 
likely break at the weakened part. On grinding machines it is easy 
to notice the advantage of the cemented joint over all other methods, as 
it forms a continuous belt, whereas if metal fastenings are used, they 
give a distinct knock each time they pass over the pulley of the machine. 


Direction to run the belt. Single belts should run with the grain or 
hair side next to the pulley, with the laps pointing in the direction 
shown in Diagram (1). This prevents the point of the lap on the 
inside coming undone, as it might if it worked in the opposite direction 
against the pulley pressure. 


Diagram (2) shows a double belt which can only run with the grain 
side next to the pulley, as the hair sides are cemented together. The 
direction of the belt is shown running with the inside scarf in the same 
direction as the single belt scarf. 


Lacing a leather belt. One method of lacing a leather belt with 
leather lacing is illustrated in diagrams (3) and (4). 

Diagram (8) shows the grain and pulley side of the belt and diagram 
(4) the reverse or flesh side of the belt. 

There are many different methods of belt lacing used. The one 
illustrated here gives the minimum tendency to break the belt, due to 
the punching of the holes which weakens the belt. The holes are stag- 
gered out of line to reduce breakage to a minimum. 

For 1 inch to 2 inch belts, 14 inch lacing is sufficient ; and three holes 
in each side of the joint are sufficient. For 2 inch to 414 inch belts, 
3 to 5 holes at each side are sufficient. Up to 6 inch width of belt 3 inch 
lacing is strong enough. 

The holes should be punched a distance of 14 inch from the end, for 
small belts the second row being 1 inch from the end. Larger belts are 
punched a greater distance from the end in proportion to the size of 
the belt. 


Method of lacing. Start at the centre and work outwards, then in- 
ward to the centre. Start at 1, 1 in the centre with each side of the 
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leather lacing equal in length. Lace outwards on one side 1 to 2, 2 to 3, 
3 to 4,4 to 5,5 to 4,4to5. Inwards 5 to 2, 2 to 3, 3 to 1, 1 to 1, 1 tol, 
1 to 6 and out. 


Repeat this operation on the other side and cut a short slit on the 
end of the lace to form a hook to prevent it from coming out. 


Metallic belt fasteners. There are many belt fasteners on the 
market and the one selected should be one that will give a smooth, strong, 
flexible joint. 


The clipper belt hooks are illustrated in diagrams 5 and 6. They are 
supplied fastened to cardboard to the correct spacing and a length is cut 
off the card with a knife to suit the width of the belt. The hooks are 
arranged alternately long and short and are fastened to the end of the 
belt usually with a special machine made for that purpose. Diagram 
(6A) shows the two ends of the belt with the hooks attached. Diagram 
(6B) shows the belt hooks interlocked with the rawhide hinge pin (A) 
diagram (5) in place. Care must be taken to see that the belt is held 
square with the machine while the hooks are being attached. 


Alligator steel belt lacing is illustrated in diagrams 7 and 8. The main 
feature of this lacing is its easy, rapid application without any other 
equipment than a hammer. 

A gauge pin is sometimes used to provide sufficient room for the 
hinge pins (B) diagram (8), which rock on each other as the belt 
rotates around the pulley. 

Diagram (8A) shows the lacing set ready for hammering, and 
diagram (8B) the lacing after hammering; the points are riveted over 
on the opposite side of the belt making the surface smooth. ‘The dots in 
diagram (7) show the points after riveting with the hammer. 


Cutting the belt to length. Measure for the length of belt required 
by placing a steel tape around the pulleys; then deduct from this length 
1% inch per foot to allow for stretch. If the belt is to be cemented, allow 
the proper amount in addition to this length for the laps. The belt should 
be cut absolutely square with a square and a knife. 
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TYPES OF CHISELS AND THEIR USES 


The cold or chipping chisel may be placed next in importance to the 
file as the most useful among the hand tools. In the days before the use 
of the shaper, planer, and milling machine, the chisel was a much-used 
tool. With the introduction of pneumatic hammers, the chisel has had 
its capacity for work increased and to-day it performs many operations 
where it is impossible to use other machines. 


Chipping cast iron. Diagram (1) shows a section of a piece of cast 
iron. The outer surface of the metal has a very hard skin which resists 
penetration. If the chisel were used on this skin by taking a shallow cut, 
it would quickly be dulled. The weakest part of a chisel is its edge and 
this should be always beneath the skin, cutting in the soft metal. Dia- 
gram (A) shows the plan of the cold chisel showing the edge slightly 
convex looking at the broad face of the chisel. The corners of the 
chisel are naturally weak because they have no metal support on one 
side. If the edge of the chisel is straight, one finds it difficult to keep the 
whole edge cutting, so that the corners take more than their share of the 
cutting action and thus wear round. If the edge is slightly convex as at 
(A), the middle of the cutting edge which has the support of the metal 
on each side of it takes the greatest strain. 


Cast iron is a crystalline metal and when cut with a chisel breaks 
up against the inclined face of the chisel as it wedges its way into the 
metal to pry off the outer surface. Diagrams (1) and (2). The angle 
of the cutting edges for cutting cast iron should be from 65° to 70° and 
the inclination of the chisel will be approximately 35° so as to keep the 
lower face parallel with the surface being cut. 


The keenness of the cutting edge of the chisel is important. It is 
advisable to stone it with an abrasive stone after grinding as a keen edge 
keeps sharp longer than a dull or ragged edge. 


Method of chipping cast iron. After laying out the lines on the metal, 
the edge of the block shown in diagram (9) should be bevelled at about 
45° all around down to the line to act as a guide and to prevent the 
edge from breaking off when chipping. A cape chisel should then be 
used to cut a series of grooves across the face, as drawn in diagrams 
(9) and (10). 

The cape chisel, with its narrow cutting edge, concentrates the force 
of the blow and distributes it on a narrower cutting surface than the 
ordinary cold chisel, thus removing the hard skin with greater ease. 
The parts of the metal that are standing should be much less than the 
width of the cold chisel so that, when it is used, the corners of the chisel 
move freely along the two grooves made by the cape chisel. 


The surface of the metal is finally finished with a sharp straight- 
edged cold chisel, cutting in various directions to reduce the eminences 
and produce a comparatively flat surface. The flat straight-edge of the 
finishing chisel forms a guide when cutting, because the flat face rests 
easily on the work and does not rock as it would if it were convex. as 
when roughing under a hard skin. ; 
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Chipping mild steel. Diagram (3). The great difference between 
chipping steel and cast iron is that the steel surface is removed in a curled 
chip because of its high tensile strength, but cast iron is brittle and 
erystalline and the chip breaks up. The angle of the cutting faces for 
mild steel would be from 30° to 35°. The mild steel is tough and requires 
a heavy blow to force the chisel into it. As in cutting mild steel on a lathe, 
the tool enters the metal and the chip is removed more easily if the end 
of the tool is lubricated by dipping it occasionally into oil. 

The angle of inclination of the cold chisel is less for steel than for 
cast iron on account of the difference in the cutting angles. Compare 
diagrams (3) and (2). 


Cutting a keyway. Diagrams (4) and (5). The chisel used for this 
purpose is a cape chisel with the lower facet longer than the upper facet 
to act as a guide in the keyway and to give more support behind the 
cutting edge than the ordinary cape chisel shown in diagram (9). An 
important feature of a cape chisel is that it is tapered back from the 
cutting edge (See plan Diagram 4) to provide clearance as it works in the 
groove being cut. In addition to this, the chisel is thick to give maximum 
sectional area of metal for a minimum width of cutting edge. The 
width of a cape chisel is determined by the width of the keyway or 
groove being cut. 


Chisels with one facet are illustrated in diagrams (6), (7), (8), (11), 
(12), (18). These chisels tend to enter the metal in the direction of 
the face of the chisel nearest to the metal. . 


The gouge or round nose chisel. Diagram (6) is used for chipping 
round grooves, such as oil grooves in pulleys and bearings. A curved 
gouge is shown cutting an oil groove in a bearing, diagram (12). A 
small gouge or round-nosed chisel is illustrated in diagram (11) 
“drawing” a drilled hole, by cutting a groove on the side of the drilled 
countersink towards which the drill is required to drill. 


The diamond point chisel. Diagram (7) is used to cut into right 
angled corners and is also used to correct errors in drilling holes, as 
shown in diagram (11). 


The cow-mouth chisel. Diagram (8) is used for chipping and eutting 
circular work. It usually has a convex edge and a curved shape to suit 
the work being done. 


Internal cutting with the chisel is illustrated in Diagram (13). Here 
the important thing is for the worker to see the cutting action. For 
this reason the cutting is accomplished while the chisel is only slightly 
inclined, which also gives the chisel an opportunity of cutting further 
into the hole. This one-sided chisel can also be used for squaring the 
bottom of squared holes. 


General points in chipping. The eye of the operator should be upon 
the cutting edge of the chisel and not on the head of the chisel where 
the hammer strikes. Hold the hammer near the end of the handle and 
give it a free easy swing. Chip against the vise jaw, when possible, and 
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see that the work is supported by a block of wood or metal when held 
in the vise, so that it will not move down in the vise. While finishing, see 
that about 1/32” is left for the cut, otherwise the chisel will 
not have sufficient metal to “bite” into, and will slip over the surface of 
the metal. 
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SOFT SOLDERING 


Soft-soldering is not a difficult operation, provided that one is 
careful to observe strictly the considerations which are dealt with below. 


Dirty or greasy metal. If an attempt were made to solder under 
these conditions, it would be discovered that the solder would gather 
in a lump and run over the surface of the metal, but would not unite 
with it. 


Cleaning the Metal. If the metal is covered with black scale (oxide), 
this can be removed with emery cloth. If copper, it can be cleaned by 
immersing the metal in a pickle; or by applying a little “killed spirits” 
(zine chloride), making the metal chemically clean. 


To produce a smooth, even, soldered joint. First. A flux must be 
applied such as “Fluxite” (a soldering paste), or “killed spirits”, or 
rosin. Flux means “to flow”, so that its functions are (a) to chemically 
clean the metal and (b) to cause the solder to flow. Second. If the 
metal being soldered is not hotter than the melting point of soft solder 
(half and half) which is 370° F, the solder will form in a quickly cooled 
pasty mass. This may be caused by passing a hot soldering copper too 
quickly over the joint. It may also be caused by the soldering copper not 
being sufficiently heated. It is very important, then, to use a hot solder- 
ing bit and allow it to rest on the joint until the joint is as hot as the bit, 
then it-is moved very slowly. The solder will now remain molten on the 
hot joint for a few seconds and cool very slowly, producing a smooth, 
clean joint. 


The soldering copper. A soldering copper should never become red 
hot, as it oxidizes very rapidly. Also, if it had been previously tinned, 
the tin would be burnt off and a “dirty iron” would result. The black 


scale so formed on the copper bit is called “copper oxide” and is a poor 
cor.ductor of heat. 


Tinning the point of the copper bit. First, the copper oxide must be 
removed by filing. When the bit has been heated so that it will quickly 
melt soft solder, it is tinned by rubbing it in a container holding Sal 
Ammoniac, Rosin and soft solder, or by rubbing it on a block of Sal 
Ammoniac in contact with a lump of soft solder. 


Soldering. The position of the tinned copper bit is important when 
soldering. The face of the point of the bit should rest on the joint, as 
shown in the sketch, so as to obtain the conduction of as much heat as 
possible. This will pre-heat the joint and as the copper bit is moved 
slowly, the point leaves a smooth ribbon-like film of soft solder. 
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Sweating. A sweated joint is a strong, clean joint. Solder is ap- 
plied to each piece as shown at A and B of the sketch, then the pieces are 
pressed together after flux is applied, and the joint heated, which causes 


the solder to melt and combine, leaving very little solder exposed. 


Soft Soldering—Metals and Fluxes Used 


Metals 


Brass and copper 


Galvanized iron 
(zine coated) 


Iron and steel 


Lead 


Tin (Block) 


Tin plate 
(Iron coated with 
tin) . 


Zinc 


Flux 


Rosin 
Sal ammoniac 
Zine butter 


Raw acid 


Sal ammoniac 


Tallow 
Rosin 


Zine butter 


Cut muriatic acid 


Rosin 
Zine butter 


Raw acid 


Chemical Name 


Colophony 
Ammonium chloride 
Zine chloride 


Hydrochloric acid 


Ammonium chloride 


Zine chloride 


Hydrochloric acid cut with 
zinc 

Colophony 

Zine chloride 


Hydrochloric acid 
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BRAZING AND SILVER SOLDERING 


Brazing and Silver Soldering belong to a class of soldering known as 
“Hard Soldering” as distinct from “Soft Soldering”. If the joint 1m 
metals requires to be strong and cannot be welded, hard soldering should 
be the method adopted to fasten the metals together. Most of the best 
brazing or hard soldering is done with silver solder. 


Spelter is the metal used for what is commonly called brazing. This 
is the cheapest metal to use for forming the joint, but if silver solder 1s 
used with care it is not as costly as it at first appears. Brazing spelter is 
an alloy of copper and zine, commonly called brass, and can be ob- 
tained in varying degrees of fineness in the grain form; but brazing 
wire is more easily applied as a general rule. 


Silver solder is usually used for hard-soldering copper, brass and 
german silver, but can also be used on iron, steel, monel metal, bronze, 
nickel and stainless steel. Silver solder is an alloy and can be obtained 
in various mixtures of silver, copper and zine according to the type of 
metal being soldered. The advantage in using silver solder is that it 
melts freely and flows easily when properly fluxed into the joint. It is 
much more fusible than brazing spelter. 

Silver solders are strong, having a tensile strength varying from 
40,000 to 60,000 pounds per square inch. The joints made of silver 
solder are often stronger than the metals which are joined. 


Melting temperatures of silver solder range from 1325° F. to 1600° F., 
varying with the amount of silver contained. The higher the silver 
content, the lower the melting temperature and the greater the cost. 

Silver-soldered joints are malleable, resist the effects of vibration 
and corrosion and have relatively high electrical conductivity ; therefore 
they are suitable for electrical work. 


General method for hard soldering. Diagram (1). It is essential 
that the parts to be joined are clean. This can be accomplished by the 
use of abrasive cloth or by pickling. 

Use of the flux. ‘The flux has a two-fold purpose, (a) to chemically 
clean the joint, and (b) to cause the metal to flow in the joint and pre- 
vent oxidation while this is going on. Boraz is the flux used for hard- 
soldering with silver solder or spelter and is most conveniently applied in 
liquid form. Use only the best borax and dissolve it in boiling water, 
four ozs. to the pint. It can then be apphed by means of a brush. It can 
also be used as a paste mixed with water, or fused borax may be used 
mixed with water or with alcohol and kept in a sealed container. For 
any metal the oxides of which are hard to remove, use a paste of boracic 
acid and borax with zine chloride. 


Heating the work. If the work is large, heat the outer mass away 
from the joint so that when the heat is applied to the joint it will not be 
dissipated. It is sometimes advisable to protect the work from draughts 
with an asbestos shield. 

Heat the joint all over gently to prevent blowing off the flux and see 
that there is enough flux rather than too little. The flux lifts from the 
joint, Diagram (3). as it is heated, while the water is driven off, and it 


14 MACHINE SHOP PRACTICE 


is at this time that there is a danger of oxidation which will prevent the 
making of a good clean joint. When the borax melts at 1400° F.—it runs 
freely over the work and into the joint, making it chemically clean and 
ready to be soldered. 


Applying the solder to the joint. The silver solder can be purchased 
in thin rolls, filed powder, coils of wire and strips. Spelter is usually 
used in grain or wire form. 

Apply the solder to the work quickly, (Diagram 5) as soon as the 
borax melts. A tray, such as shown in diagram (7), can be used for a 
long joint or the grain or filings can be applied with a spatula. 
Diagram (9). The temperature of the joint should be steadily in- 
creased until the solder melts, (Diagram 6), when it flows very freely into 
the joint, following the flux. The spatula can be used along the joint 
but it is not often necessary. If used, the spatula should be heated 
and coated with the solder. 

As soon as the joint is completed and has cooled, remove the work 
from the heat, and plunge it into cold water. This removes the flux and 
seale. If left to cool outright, the borax vitrifies and is difficult to remove. 
A small quantity of sulphuric acid added to the water used for quench- 
ing assists in the removal of the scale and flux. 


The joints for hard soldering should be tight, as the solder, when 
melted, is very fluid and runs into the finest space. If the joint is not 
tight, the solder runs through and is wasted. 


Methods of heating the work to be joined. The silver soldering of 
small work is usually performed with a blowpipe, as shown in diagram 
(12). The joint should be pre-heated carefully by moving the flame 
around the joint, as shown in diagram (10). Do not impinge the flame 
too much on the joint or the flux will be blown off. 

For brazing, an oxy-acetylene torch may be used, if available. 
Brazing can also be accomplished by the use of a good gas blow torch. 
A good charcoal forge fire with an air blast provides a clean method of 
heating a joint for brazing, as shown in diagram (11). Be sure that the 
fire is deep, as shown in diagram (11), so that the air will not come in 
contact with the work and oxidize it. A band saw can be hard soldered 
by the application of red hot tongs, which heat and hold the joint to- 
gether. (Diagram 8). 

Types of joints. For ordinary work, a good butt joint is satisfactory, 
but if the work is to be strained very much a seamed joint is necessary. 

Diagram (13) shows a “cramp seam”. MHere the two sides of the 
joint are tapered off and one side is cut. Then the alternate parts are 
pushed up and down to receive the other beveled side of the joint. The 
joint is now closed ready for hard soldering. The cramp seam is a very 
strong joint. The next joint in order of strength is the plain seam, 
diagram (14), which is beveled on both sides of the joint by filing one 
face on each side. It is necessary in both the cramp and plain seam 
joints to wire the job with binding wire to prevent it from opening when 
hard soldering. 


Balling, or Bunching, is the melting of the silver solder or spelter 
into a ball form which runs on the work but will not adhere to it. It is 
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(Diagram 15. A shows “balling”, B correct flow of solder.) 


a common occurrence with the beginner in hard soldering, and usually 
indicates improper fluxing or insufficient heat on a dirty oxidised joint. 
To correct it, the work should be removed from the heat, properly 
cleaned, re-fluxed and then sufficient heat should be applied. 
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SCRAPING 


Scraping is essentially a precision operation to remove very small 
quantities of metal, in order to produce flatness or to obtain surfaces 
that give maximum contact with each other. If the surface of a 
machined flat block of metal is examined before and after scraping, it 
will be seen that, before scraping, the metal surface is full of eminences 
and depressions, but after scraping the serrated and matted surface is 
reduced to a smooth fine surface. After scraping, the molecules in two 
metal blocks, placed together, are very close to each other to give to some 
extent molecular attraction. This is very noticeable in standard gage 
blocks which adhere to each other with an adhesion that resists 214 
times atmospheric pressure. It is impossible to attain such a standard of 
flatness and closeness of the metal surfaces by hand scraping alone; but 
this should be kept before the beginner as an objective. 


Preparation of work before scraping. If cast iron work is intended 
to be scraped, it must be understood that cast iron warps considerably 
after the hard skin has been removed by machinery, because the removal 
of the hard skin allows the internal strains to work out of the metal. 

It is advisable to remove the skin of the metal, then allow the 
metal time to season, then to take a final finish cut before scraping. 

It is advisable to remove with a file all feed serrations left by ma- 
‘chinery before scraping is started, as the scraping would take too long 
to do this. 


The flat scraper. Diagram (1) can be made out of an old 8” or 10” 
flat file, but special scraper steel can be purchased from which the 
scraper can be made. If a file is used for the scraper it must first have 
the teeth ground off on all sides back about 3” from the end, and then be 
heated carefully and forged at a heat suitable for high carbon tool steel. 
After grinding the taper to an edge about 1/32” to 1/16” thick, it should 
be hardened carefully and the strains taken out of it by a slight temper 
heat so that a drop of water will just bubble on the surface of the metal. 
The cutting edges of the scraper are now carefully ground exactly 
straight and square or slightly concave, as shown at (A). It is necessary 
now to oilstone the flat surface and the edge surface to produce two 
sharp, keen cutting edges. 


The scraper is rubbed flat on the oilstone, as shown in diagram (4). 
Then it is held vertical to the oilstone surface and the blade turned to a 
position of 45° to the direction of the motion of the stoning. This posi- 
tion of the scraper tends to produce an edge that is slightly convex 
lengthwise of the edge, but square across the edge. The scraper that is 
slightly convex picks out the eminences on the work without the corners 
eutting into the surface of the work and is an advantage in rough 
scraping; but a dead straight scraping edge should be used for the final 
finish operation. 


Scraping the work. Diagram (3) shows the flat block. The angle of 
the tool is approximately 30°, but the angle must be determined by 
“feel” in actual use. If the tool is inclined too much, the scraper edge 
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will “bite” into the work. Incline the tool so that the edge will cut a small 
particle easily without slip. Short strokes are taken less than 14” in 
length. <A slight pressure is used on the forward or cutting stroke which 
is relieved on the return. 


Dip the scraper occasionally in turpentine and keep greasy fingers 
from touching the work plate. 


A true plane surface plate is used to check the work. This precision 
tool should be kept protected by its wooden cover when not in use. The 
surface of the plate should be rubbed over evenly and thinly with red 
lead, prussian blue, or drop black. The work to be scraped should now 
be rubbed on the surface plate and the high spots will be seen on the 
work. Rub the work all over the surface of the surface plate equally with 
a circular motion. The marked spots should then be scraped off and 
rubbed again on the surface plate for a second test. As the plate im- 
proves in flatness a very thin application of the marking material should 
be used. 

The work should be scraped in approximate squares, as shown in 
diagram (11); then the spaces not scraped by the first operation should 
be scraped, completing the surface by scraping in opposite direction, as 
shown in diagram (12). 


The hook scraper, shown in Diagram (2), is sometimes used to give 
the “flower” finish to work being scraped. Light pressure should be 
used when scraping in the direction shown in diagram (2). This type 
of scraper is also used for bearing surfaces where it would be impos- 
sible to use the straight flat scraper. 


The method of holding the scraper, is illustrated in Diagram (9). The 
tool is held firmly to keep it under perfect control to carry out such a 
precise operation. The upper part of both arms should be supported 
by the body and the forearm muscles should be mostly used to control 
the tool. 


The three-cornered scraper, Diagram (6), is often used to remove the 
sharp edge of a curved surface or hole. It is usually made from an 
old file slightly convex lengthwise but flat across its surface. It is oil- 
stoned to produce a sharp keen edge. If used on curved work, such as 
illustrated in the bearing diagram (8), it is advisable to bend the tool 
to a curve, as in diagram (7), to allow the operator to work con- 
veniently into the bearing. 


The half round scraper, Diagram (7), is made from a half round file 
bent to a convenient shape, or hollow ground on the under side, as 
shown, to make the stoning of the edge easier. 


Scraping bearings. Diagram (10). The half round scraper is usually 
used in the direction shown. Sometimes a hook scraper, diagram (2), is 
used. The edge is formed to fit the curvature of the bearing and then 
sharpened to cut on the pull or draw stroke. 
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BENCHWORK QUESTIONS 
Why are bearings babbitted? 
What does Babbitt metal commonly consist of? 


What is the special reason for the use of each metal that is used 
to make up Babbitt metal? 


How is Babbitt metal prevented from moving in the bearing? 
Sketch a section of a solid type of bearing as set up for babbitting. 
Illustrate by sketches how a split bearing is set up for babbitting. 


What happens if the OE is not pre-heated before the babbitt 
is poured ? 


How can the molten babbitt be prevented from unduly oxidising? 


Why is it necessary to be certain that sufficient babbitt is heated 
to completely pour the bearing? 


How would you test to see that the babbitt is the proper heat for 
pouring ? 


How are the oil grooves put in the babbitt ? 


Make a sketch of a single and double beit on a pulley showing the 
direction of the scarfs and the rotation of the pulley. 


Why is the grain side of a belt run next to the pulley? 
Sketch two opposite sides of a belt showing a leather-laced joint. 
What is the best type of belt joint? 


State the advantages and disadvantages of at least two types of 
metal belt joints. 


Why is it necessary to cut a belt joint absolutely square? 


How would you measure the length of belt to be cut to drive a 
machine from a countershaft? 


Sketch a cold chisel cutting Cast Iron and one cutting machine 
steel; show the cutting angles of each chisel. 


State the differences between a chisel ground at a cutting angle of 
50° and one ground at 70°. Indicate by arrows the direction of 
forces tending to separate the metal. 


Why is a cape chisel made wider at the cutting edge than the body 
of the metal behind the cutting edge? 


Sketch 4 distinct types of chisels stating their uses. 
Why is copper used in making a soldering iron? 


Name the fluxes used in soldering iron, galvanized iron, copper, 
and tin plate. 


What are the functions of a flux? 
Describe the “tinning” of a soldering iron. 
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Of what does soft solder consist ? 


What are the causes of solder not adhering to the metal being 
soldered ? 


Describe with sketches the operation of sweating two pieces of 
metal together. What are the advantages of this process? 


What is the black scale called that forms on a soldering iron? How 
can its formation be prevented ? 


What are the advantages of: (a) Soft Soldering? (b) Hard Solder- 
ing? 

What is the chief flux used in hard soldering? How is this flux 
prepared and used? 


State clearly, with the aid of sketches, definite steps in the pro- 
cess of hard soldering. 


Sketch two forms of scrapers used for scraping a east iron sur- 
face plate. 


How is a scraper sharpened? Why is the end of a flat scraper 
made narrow in thickness? 


How is a block being scraped tested for flatness? 
Show by sketches the method of scraping a flat block. 
Sketch two forms of scrapers used for scraping babbitt bearings. 


Sketch a flat scraper in elevation showing its angular position in 
relation to the surface of the work being scraped. 


DRILLING 
THE PARTS OF A TWIST DRILL 


Twist drills are made by milling two spiral grooves, called the 
“flutes”, in a piece of carbon tool steel or high speed steel. Occasionally 
they are made by twisting a flat piece of steel; hence the expression 
“twist drill”. The common shanks used to drive drills are, (1) The 
bit stock shank; (2) The straight shank; (3) The taper shank; (4) The 
ratchet shank. The straight shank is used for small drills when driven 
by being held in a drill chuck, but larger drills which have heavier work 
to do are provided with a taper shank. 


The taper shank wedges itself into the drill spindle or socket and 
_ lines itself axially true with the spindle. In addition to this the in- 
creased pressure on the drill point tends to wedge it tighter into the 
spindle. This friction drive provided by the taper is insufficient to 
prevent the drill from slipping under a heavy cutting load, so that a 
positive drive is obtained by fitting the flat tang into a correspond- 
ing slot in the spindle. 


The shank. Diagram (4), is made with a “Morse Taper”, the num- 
ber or size of the taper depending on the size of the drill. Example 
No. 1 Morse taper for small drills and No. 2 for larger drills, etc 


The size of the drill is usually stamped in the recess between the shank 
and the body of the drill and high speed drills are usually so marked. 


The body of the drill is usually made slightly smaller near to the 
tang, to give the drill a very slight clearance back from the point. 


The lands of the drill are given a clearance to prevent rubbing and 
heating up the drill. A narrow strip called the “margin” is left 
concentric to guide the drill and ensure that the hole drilled is accurate 
as to size. : 


The flutes, or spiral grooves, are cut in the drill to provide the cutting 
edges at the point and are so shaped that the chip removed is curled, 
so that it will occupy a small space and come out of the hole. The flutes 
provide a means of lubricating the drill when cutting. 


The web of the drill, Diagram (1), is the strip of metal which 
separates the flutes and is thicker towards the shank; hence, worn 
drills require more thinning than new drills. Diagrams (2) and (3) 
show the plan and elevation of a drill with the relation of the cutting 

2] 
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edges and the end of the web at the point which is called the “dead 
centre”. This dead centre is the most troublesome part of a drill 
to grind. 


Testing the drill point. Diagram (5) shows one type of drill point 
gauge. The angle of the cutting edge should be at 59° inclination to 
the axis of the drill. The gauge shown checks this angle and also meas- 
ures the length of the cutting edges to determine if they are equal. 


Diagram (6) shows the similarity between a drill and a lathe tool. 
The cutting angle is governed by the angle provided by the spiral flute 
and the clearance angle back of the cutting edge. The rake angle is 
governed by the inclination of the spiral flute to the axis. A straight 
flute drill with no rake angle is generally used for brass, as a lathe 
tool has no rake angle for turning brass. 


The cutting angle of the drill is reduced in drilling soft metals by 
increasing the clearance angle. 


The amount of clearance of a drill point can be observed by comparing 
the variation between the height of the back corner of a flute and the 
outer corner of the cutting edge in the same flute as shown at A in 
diagram (7). 
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DRILL GRINDING VARIATIONS 


Drill grinding, like all other tool grinding, requires a distinct 
knowledge on the part of the grinding operator if the drill is to do 
efficient work. It is quite common to see drills in use which are not 
drilling round holes or holes true to the nominal size of the drill. 
Machine grinding of drills larger than 34” is more efficient and economi- 
cal, while drills 34” and smaller are usually ground by hand. 


The point of the drill, diagram (1), is usually made with the cutting 
edges at an angle of 118° to each other. The point of the drill is defined 
as the entire cone-shaped surface at the cutting end of the drill. 


The clearance of the lips or cutting edge is most important and varies 
from 12° to 15°, as shown in diagram (1). Lip clearance is the relief 
which is given behind the cutting edges to allow the cutting edges to enter 
the metal when cutting. 


Diagram (2) shows a drill with too much lip clearance or relief. The 
effect of this will be to weaken the cutting edges so that they heat up 
quickly when cutting. 


Diagram (3) shows a drill with no clearance back of the cutting edge, 
but rather the opposite, so that it would be impossible for the drill to 
cut, because the drill point is rubbing on the two surfaces behind the 
cutting edges. 


To detect correct clearance angles. The drill point can be observed 
for clearance, as in diagram (1), but in addition to this one can examine 
the angle of the line across the dead centre of the drill. The edge should 
indicate not less than 120 degrees and not more than 185 dgrees. The 
angle of the lip clearance should be gradually increased as the centre of 
the drill is approached. This feature will be explained fully in the next 
lesson. 


Angles of lips in relation to axis of the drill. Diagram (4) shows the 
two lips of a drill ground at different angles to the axis of the drill. In 
consequence of this one edge only can cut, which means that the drill 
will be cutting out of balance and will probably drill a hole that is 
neither round nor of the correct size. 


Diagram (5) shows a drill with cutting edges ground at different 
angles with this axis of the drill. In addition to this, the dead centre at 
the extreme tip of the end of the drill is offset from the axis of the drill. 
The result of these two defects will be that the drill will cut “un- 
balanced”, which will produce: (1) A hole out of round, (2) A hole 
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much larger than the drill, (3) A hole that is drilled offset from the 
original location. 


Diagram (6) shows a very common error in drill grinding. The 
cutting edges are correctly ground to the angle with the axis of the drill, 
but one cutting edge is longer than the other and the dead centre is off- 
set from the axis. Some mechanics do this purposely to drill holes larger 
than the nominal size of the drill and to make it work more easily. The 
chip pressure on the cutting edges is varied, therefore the drill is out of 
balance and tends to produce holes out of round and oversize. 


Pilot holes, diagram (7), are small holes drilled before using a large 
drill, because the web of any drill does not cut quickly and usually 
retards the cutting action of the edges of the lips. If a small pilot hole, 
slightly larger than the thickness of the web, is first drilled, the drill will 
eut quickly and retain its true location. 


The web of a drill, as shown by dotted lines in diagram (7), is the 
part of the drill which separates the flutes and increases in thickness 
towards the shank to give the greatest strength to the drill where the 
greatest strain would occur. 


Thinning the point. Drills which have the extreme point of the drill 
thinned will feed more easily into the metal being drilled. This operation 
requires care and the use of a round-faced abrasive wheel. The grinding 
should be in the curved part of the flute, as shown in diagram (8) and not 
running into the straight part of the flute, as shown in diagram (9), 
as this will cut across the rake angle of the spiral flute of the drill. 
Do not weaken the drill by grinding too far up the flutes. 


Summary: 1. Insufficient clearance causes drills to split. 

2. For soft metals the drill should have more clearance than for hard 
metals. 

3. Keep the cutting lips of equal length and of equal angle with axis. 

4. Keep cutting edges as nearly straight as possible. 

5. The clearance angle of a drill point varies, increasing from the 
outside towards the point. 
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THE THEORY OF DRILL GRINDING 


Most drill operators seem to understand readily how a drill should 
be ground, but experience a great difficulty in carrying out the ideas 
that are in their minds. Where a special drill grinder is available, 
most mechanics have little trouble in grinding a drill successfully, but 
where hand grinding has to be carried out difficulties often arise. The 
main difficulty seems to be in knowing just how to move the drill in re- 
lation to the flat face of the cup wheel. 

It is the intention of this lesson to attempt to explain just what the 
drill movement must be. 

Diagrams (1), (2) and (8) illustrate three different movements 
which may be given to a drill and show the effect of such movements 
on the drill point. 


Diagram (1) shows a drill moved in such a manner that the surface 
of the point ground would form a part of the surface of a cylinder. 
This would give a similar clearance from every point back of the cutting 
edge and, as will be seen later, this would be incorrect. 


Diagram (2) shows a drill point being formed the surface of which 
is enveloped by a truncated cone. In consequence of this, there will be 
a varying clearance, increasing as it approaches the dead centre. This 
is the correct condition. 


Diagram (3) shows a drill point being formed the surface of which 
is enveloped by an inverted truncated cone, which gives greater ciear- 
ance at the outside than at the point. This condition is decidedly in- 
correct and is the reverse of the desired condition as shown in diagram 
(2). 

The working conditions of a drill point are illustrated in Diagram (4). 
A drill point runs in a conic recess, which it produces by its cutting 
action. It is therefore necessary that every part of the drill point 
behind the cutting edges have sufficient clearance to prevent rubbing 
the conie recess, which would keep the cutting edges from doing their 
work effectively. Two horizontal sections of a drill point are shown in 
diagram (4). If the upper section moves down a distance A. to B., in 
cutting one revolution, then the lower section must move a similar dis- 
tance A’B’. A diagram shows a circumferential stretchout of the pro- 
gression, from A to B and from A’ to B’. It will be observed that angle 
A’ C’ B’ is greater than angle A. C. B., which proves that the clearance 
must increase as it approaches the dead centre, because of the 
condition in the conic recess and the progression of the drill. The in- 
erease of the angle of clearance is shown by the dotted lines in diagram 
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(5). Although the angle of clearance at the outside of a drill may be 
12° to 15° it will increase constantly as it approaches the dead centre, 
otherwise the clearance would not be sufficient to maintain equal cutting 
conditions in the conic recess. | 


Test for clearance. If a conic recess is drilled in a piece of metal, as 
shown in diagram (6), (7) and (8), and a little prussian blue is rubbed 
over the surface, it may be used as a test piece. The drill is held 
vertical and rotated backwards. When removed, it can readily be seen 
which part of the drill point is in contact. The blue should only show 
on the two cutting edges, as at X in diagram (6). 


If the blue shows at X in diagram (7), then there is no clearance 
at all. If X in diagram (8) shows blue, it shows that there may be a 
general clearance behind the point, but the cutting edge would not be 
allowed to cut. 


Conclusions. From the foregoing one can see that a drill when being 
ground must be presented to the stone to give the proper angle at the 
point, but by far the most important thing is to so turn and swing the 
drill*that an increasing clearance may be obtained on the drill point 
behind the cutting edges. 
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DRILLING QUESTIONS 
Sketch a taper shank drill showing the following parts:—Tang, 
taper shank, body, body clearance, margin, land. 


Sketch the end view of a drill point showing :—Dead centre, flute, 
cutting lips, land, margin. 


. Sketch a twist drill showing the rake angle, cutting angle and 


clearance angle. 

Why is a brass drill provided with a straight flute? 

How is a drill point tested for accuracy when grinding? 
What is the correct angle for a drill point? 


Sketch an end view of a drill point showing the correct angle of 
clearance. 


Make sectional sketches of a piece of metal being drilled by a drill 
with:—(a) Cutting edges at different angles to the axis of the 
drill. (b) One cutting edge longer than the other but correct angles 
to the axis. 


Make a sectional sketch of a piece of metal being drilled after 
drilling a pilot hole. 


Sketch an end view of a drill showing the thinning of the point. 


If a piece of paper were wrapped against the ground face of a 
drill point what form would the paper take? 


What is the difference, if any, between the clearance angle near 
the outer edge of a drill and the clearance near the centre? 


What is the most inefficient part of a driil point when cutting? 


If the outer edges of a drill are rounded when drilling, what does 
it indicate? ; 


Does a drill make a perfectly round hole? 
Does a drill usually drill a hole accurate as to size? 
How can a drill be made to drill oversize if necessary ? 


LATHEWORK 
THE FEED MECHANISM OF THE LATHE 


It is very necessary that one should understand thoroughly the.feed 
mechanism of a lathe, in order to be able to use the lathe intelligently. 
One should be able to visualize the workings beneath the apron at all 
times, for different uses. The apron mechanism illustrated on the op- 
posite page is a very simple type and quite commonly used in low-priced 
lathes. One should remember, of course, that there are many different 
types of lathe apron mechanisms, and when the one illustrated is 
properly understood, one should seek out others and investigate their 
workings. 


Apron mechanism set for cross feed. Diagrams (1) and (2). The 
view shown at diagram (1) is seen from the back of the apron looking 
towards the front of the machine and only the skeleton mechanism is 
illustrated. The entire apron frame is removed in diagram (2) to 
simplify the diagram. Rotation is given to the lead screw (which is 
splined to function as a feed rod as well) by connecting it through gears 
to the lathe spindle (see page 47). The relative speed of this rotation 
is governed by the gear ratio and may be changed as required. A worm 
(held between two brackets) is always in mesh with the splined shaft 
and is driven around by a sliding key which allows the worm to move 
along the shaft freely with the apron. 


A worm gear is always in mesh with the worm and therefore always 
rotates when the spline shaft rotates. The back of the worm gear is 
conically recessed and receives a cone clutch, which can be engaged or 
disengaged by turning the clutch knob at the front of the apron. 


When the clutch knob is tightened, a shaft is fastened to the clutch and 
drives the pinion A diagram (2), which is always in mesh with the 
idler gear B. This idler gear may be rocked around the centre of the 
shaft pinion A by lifting the lever shown in diagram (1) to change 
from cross to long feed or into neutral position. 


For cross feed the idler gear B is connected to a pinion (C) which 
is fastened to a gear (D) which is in mesh at all times with a pinion (E) 
which is fastened to the cross feed screw which moves the cross slide. 
The direction of the cross slide movement inwards or outwards may be 
changed by changing the reverse gears on the end of the lathe. When 
asing the automatic cross feed, the carriage should be aaa to the lathe 


bed to assure the work being faced square. 
31 
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Apron mechanism set for long feed. Diagrams (3) and (4). The 
lever arm that carries the idler gear (B) is now moved up as shown in 
diagram (3). This movement disconnects the idler gear (B) as set for 
cross feed and connects it with gear (C), which has fastened to it a 
pinion (D) which is always connected to the rack which is fastened 
beneath the ways of the lathe bed. As the pinion (D) turns, the car- 
riage is bound to move on the ways of the lathe bed, giving automatic 
long feed. Diagram (4) shows the side view of the gears and the 
pinion meshing with the rack. 


Hand long feed. Diagram (3). If the handwheel E is turned, the 
pinion (F) which is fastened to the handwheel meshes with the gear (C), 
which moves the pinion (D), which is in mesh with the rack and causes 
the carriage to move along the bed. 


Use of the half nuts. Diagrams (5) and (6). The half nuts give a 
positive feed to the carriage and should only be used for screweutting 
on the lathe. When the lever is lifted up, as shown in diagram (5), 
the half nuts are engaged with the threads of the lead screw and the 
carriage is forced to move as the lead screw rotates. 

Diagram (6) shows the half nut lever down and the half nuts dis- 
connected from the threads of the lead screw. On most lathes, it is im- 
possible to connect the half nuts while the idler gear is in mesh with the 
gears for automatic long or cross feeds. 

It is very important that the friction feed be disconnected while the 
‘half nuts are engaged in order to prevent damage to the machine on ac- 
count of the difference in the rate of the movement of the carriage in the 
two different set ups. 

The friction feed cannot be used for screw dane because it is driven 
through a friction clutch and, therefore, is not regular and positive so as 
to guarantee threads of an even regular lead. 
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FORMING 


This lesson deals with forming a piece of work in an ordinary lathe 
when one or two pieces are required. 

Special forming tools, such as are used on turret lathes, are referred 
to on page 129. 


Owing to the definite directions given to the ordinary lathe tool by 
the long, cross and compound feeds, forming an irregular profile on a 
piece of work offers the operator something at least different, if not 
difficult. 

The work taken to illustrate a typical forming job on centres, is in 
the form of an ordinary machine handle. After turning down to the 
outside diameters of the form, as shown in diagram (1), a form tool can 
be ground from an ordinary tool bit to shape the part as shown. The 
other part of the concave form can be cut with an ordinary round-nosed 
tool. 


Method of forming. It is better to rough form to shape in a series 
of steps, as shown in diagram (2), using the automatic long feed and 
visualizing the future outline of the job with the drawing in front of 
the operator. 


To finish form. It is advisable for the operator to work down the 
form yee not up, as there is a danger when working up, that the ie 
may “run in” to the form, but when working a it can only “run 
out” and thus keep the form oversize. 


Free forming by hand. Diagram (3). By this method the operator 
controls both long and cross feeds and it may take some time before 
sufficient skill and combination or co-ordination of long and cross move- 
ments are developed to produce a harmonious curve. 


Forming with automatic long feed. Diagram (4). This method is 
simpler than the previous one and the operator is advised to try this 
method first. 

Place a piece of paper beneath the work so that the form shows up 
clearly against the white background. Put in the fine automatic long 
feed and start at the greatest diameter and feed the tool inwards, down 
the form, by a hand cross feed. 


To produce a smooth finish. A spring tool may be used as shown in 
diagram (5) and the irregularities may be smoothed down by such a 
tool without digging into the work. To produce free curves, the old- 
fashioned hand tool, as shown in diagram (6), may be used to advantage, 
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as it gives the operator the necessary freedom to follow the varying 
changes of the form. 


To polish the work. Use abrasive cloth in strips pressed against 
the work held in tension with the right and left hand. The cloth fits itself 
to the form, producing a smooth finish, or the cloth may be pressed 
against the work by the fleshy part of the hand, which cushions itself 
to the form. 


Making a template from a drawing. A very effective and simple 
method of doing this is to take a piece of thin celluloid, as shown in 
diagram (7), and place one straight edge on the centre line of the 
drawing. Scribe the outline in the celluloid with a scriber, then place 
it on a smooth block of wood and cut part way through the celluloid 
with a sharp well pointed knife. The celluloid can now be snapped in 
two with the fingers and the formed outline smoothed with a fine file 
or emery cloth. (Scissors may sometimes be used.) 


Testing the work for true form. Diagram (8). The celluloid pat- 
tern can be placed over the work and the form checked approximately by 
looking through it, or the work can be checked accurately by a fit test. 
It is much better, however, to use a thin metal template to check the work 
if many are to be made, or if the work must be very accurate. 
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THE MANDREL 


A mandrel or arbor is used to mount work on, so that it may be 
driven between centres. 


A hole is usually drilled and reamed in the work and the mandrel 
is forced into it. A mandrel must be accurately made to produce ac- 
curate work turned on it. If the mandrel surface were not perfectly 
concentric about its axis, the work mounted and produced on it would 
not be true about its axis. 


The form and design of a mandrel. Diagram (1) illustrates the 
principal features of a mandrel of the plain or solid type. A mandrel 
is usually made of tool steel, hardened, tempered and ground to size, 
with a slight taper of .006” per foot or .0005” per inch. It is obvious 
that such a tool would be useless unless the hole into which it must be 
pressed is reamed accurately to size. The two ends are reduced so that 
if any burr did develop in use, it would not interfere with the fitting 
surface of the mandrel. The corners of the mandrel are rounded so that 
they will not spread when under the pressure of an arbor press or a lead 
or copper hammer. 

The fillet shown is rounded to prevent hardening cracks starting in 
the corner when hardening. The small end is .0005” under the nominal 
size and the large end is easily detected by the fact that the size is 
stamped on that end. Flats are provided to give a positive drive when 
the set screw of a lathe dog is pressed against it. The flats can be milled, 
ground or formed on a shaper and the size stamped on one flat before 
hardening. The flats can be ground after hardening and the size etched 
on the large end. 


To etch the figures denoting the size of the mandrel. Apply a resist, 
usually made from quick-drying black asphaltum. When dry, scratch 
the figures with a scriber and apply one drop of “aqua regia” 
(hydrochloric and nitric acid). Wash off in water after one minute and 
clean off the resist with gasoline. This method is suitable for marking 
any tool of hardened steel. 


Mandrel proportions can be obtained by reference to the table of 
proportions on page 200. Particular attention should be paid to the size 
and form of the countersink on the ends, as a mandrel must be used 
over many times abu the condition of the work is dependent upon the 
quality of the centres and the centre holes on which it rotates. 


Diagram (2) shows a detail of the centre hole, the 60° countersink is 
protected by a further countersink, so that if the metal on the end of the 
mandrel is damaged, the centre hole is untouched and will run true. 
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The 60° countersink should be large enough to give a sufficient bearing 


for large work mounted on it and distribute the wear over a greater 
surface. 


Applying a mandrel to work. Diagram (3). The mandrel is first 
oiled and the small end placed in the reamed hole, then driven into the 


work with a lead or copper hammer, while the work is supported evenly 
by the arbor block. 


Turning a mandrel. Diagram (4). The mandrel is turned on centres 
and made of tool steel which must be hardened and tempered afte: 
wards. It is turned the same diameter throughout, but 1/32” oversize. 
This allowance takes care of any warping which may occur in the 
hardening and gives sufficient allowance for the grinding which follows 
the heat treatment. 


Gang mandrel, Diagram (5), is made the same diameter through- 
out on the reduced portion and the work is mounted on it and held 
securely to the mandrel by the pressure of a nut. (Example, gears 
mounted for cutting on a milling machine). 


Direction of cut on work mounted ona mandrel. Diagram (6). Work 
should be mounted on a mandrel so that the direction of the cut and its 
corresponding pressure should tend to press the work more tightly on the 
increasing diameter of the mandrel. 


Driving large work which is mounted on a mandrel. When work 
mounted on a mandrel is driven by the ordinary lathe dog, there is a 
tendency for the work to slip on the mandrel, because of the difference in 
the moments—between the mandrel radius and the work radius about 
which the tool pressure acts. Two methods of offsetting the tendency 
to slip are shown in diagrams (7) and (8). 


LATHEWORK 39 


round corners 


Q ngle_of recess 20° 


‘0005 under size. (1) 
t for 
P| Nominstaiemnter YC tate iog 
Aq 
_Large end\ Fillet. 


Z5malt end. 


(3) ae (2) Section of end of peace, 
| GY a 
_ york. Face plate aS (TA D ( 


es) under 
dog. nde 


a 
Sat 
iM 
=E5 
He 
\ 
= 
ma 
= 
fe 
I 
1 
1 
' 
“NY 


at ' 


IETS 


Work driven 
direck from 
face plate. 


eam 


Dog fo prevent usork 
Furning on mandrel 


THE MANDRE 





4 


40 MACHINE SHOP PRACTICE 





DRILLING AND REAMING IN THE LATHE 


The casting should first be snagged on the grinder to remove all 
irregularities, and it is also advisable to grind at the centre, so that the 
spotting tool will not have to penetrate the hard skin of the cast iron. 

The work should be chucked and tested for true running with a 
piece of chalk. 


Spotting previous to drilling. Diagrams (1), (1A) and (2). Ifa 
small drill is used to drill a pilot hole without previously spotting the 
work, the drill will spring off centre. The spotting tool is rigid and will 
not spring, so the hole will be started axially true. 

A forged tool may be used as shown, or a high speed steel tool bit may 
be used. The enlarged detail (A) of a spotted hole shows an important 
feature. The cutting edges of the pilot drill should first strike the sides 
of the recess so that it will automatically follow the line of least resist- 
ance and drill on centre. Combination drills may be used for this work, 
but they are expensive if broken, and not at all necessary for spotting, as 
they are specially intended for drilling centre holes for work to be 
mounted on centres. 

The pilot hole, diagram (8), allows a large drill to cut freely, as 
the web of a large drill does not cut so freely as the cutting edge of the 
drill. (See drill grinding, page 25). 


Drilling the hole before reaming. Diagram (4). It is essential that 
the drill be ground perfectly true, otherwise it may drill the hole too 
large and not leave sufficient metal for reaming. 

A drilled hole is never perfectly round and very rarely is it accurate 
to the nominal size of the drill. For diameters less than 1”, 1/64” is 
allowed for reaming. The drill may be held on centres as shown in 
diagram (4), with the tapered drill shank held positively in a drill 
holder. 

Sometimes drills with taper shanks are fitted to the tailstock spindle, 
either directly or indirectly, by means of sleeves or sockets. When the 
drill is held in this manner, only the friction between the taper shank 
and the tailstock spindle prevents the drill from turning, therefore the 
method shown in diagram (4) is more satisfactory. If the drill tends 
to spring at the point, a toolholder in a reversed position may be used, 
held in the toolpost, in order to push against it and steady it. 


Reaming the hole after drilling. Diagram ‘5). A hand reamer 
should never be used on a lathe under power. It is better to use a ma- 
chine reamer fitted with a taper shank to the tailstock spindle, as shown 
in diagram (5). 
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The work should rotate slowly and should be kept rotating in the 
same direction until the reamer has been backed out. Finish the hole 
exactly to size, with a hand reamer if necessary. If care is taken in 
drilling and reaming, the hole should be perfectly round and accurate 
to 1/1000”. If the hole is not accurate, it will not fit tight on the 
mandrel and withstand the cutting pressure of the tool. 


Turning work mounted on a mandrel between centres. The mandrel 
should be so placed on the lathe centres that the tool pressure will tend 
to force the work more tightly on the mandrel. As far as is possible, 
the cutting should be in the direction of the headstock of the lathe; 
therefore the big end of the mandrel should be on the live centre. 


Rough facing is shown in diagram (6), with the cutting face of the 
tool bit at right angles to the hard skin. To finish face, the straight part 
of the tool bit gives a smooth finish when fed towards the outside of the 
flanges. (See diagram 7). 

Hand tools may be used to scrape the face and fillet to a smooth 
surface, but must not be used on any face that must be accurate and 
flat, such as the fitting face of the flange. If gear blanks are machined 
from tast iron, it is important that the outside diameter be machined 
very accurately to size, otherwise thick or thin teeth will result, when 
indexed and cut on the milling machine to the correct depth. Diagram 
(8) shows the method of turning the fillets in a gear blank. 
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ECCENTRIC TURNING 


This lesson on eccentric turning illustrates the stages of work in the 


making of an eccentric, similar to the eccentric used in the back gears of 
a lathe. 


Diagrams (1) and (2) illustrate the importance of laying out the 
work carefully after it has been squared to length. Unless the end lines, 
which are shown dotted, are in the same plane, the axes from the offset 
centres will not be in alignment. 


To obtain the correct lay out, as shown in diagram (1), the work is 
mounted in a vee block which rests on a surface plate, as shown in 
diagram (3). From the centre of the stock, which may be found with a 
centre square (diagram 6), the scriber of the surface gauge marks 
the radial lines on the ends and the line joining them. The offset 
is now measured, as shown in the end view in diagram (4). 


Mark the centre on each end with a centre punch and drill one 
centre hole on the axis of the stock at each end. Mount on centres and 
turn to diameter as shown in diagram (5). Check the diameters of 
the work at each end carefully. If not correct, the lathe centres are out of 


alignment, and this must be corrected before the finished diameter of 
work is reached. 


To check offset. Diagram (7). Mount the work again on centres, 
but with the centres lightly bearing against the second offset centre 
punch recesses. The graduations on the cross feed screw collar are used 


to measure the offset; and paper is used to measure the pressure between 
the tool point and the work. 


Diagram (B), number 9, shows the tool bit in contact with the work 
when the throw is towards the tool bit. . Turn the cross feed handle to the 
right and use paper to measure the pressure in this position. Now swing 
the work until the throw is away from the tool bit, as shown in dia- 
gram (A) number 9. Now move the tool in by turning the cross feed 
screw until the tool contacts with the paper between it and the work. (B) 

Note the number of divisions on the cross feed screw collar, and this 
will be the measurement of the throw. Make this check at both ends of 


the work. Then if correct, centre the work with a combination drill by 
hand, as shown in diagram (8). 


Drilling the centre holes. Diagram (10). The centre hole counter- 
sinks must be made as shown at A, diagram (10)—and not as shown at 
B—otherwise the centre holes will wear towards each other and re- 
duce the offset. If the offset is not correct after drilling, the second 
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centre hole, a scraper, as shown in diagram (11), may be used to correct 
the offset. This must be followed by countersinking to make the counter- 
sink again round. 


Turning the ends on the offset centre. Diagram (12). Many dif- 
ficulties may be encountered here unless the operator appreciates all the 
fine points of tool grinding, tool setting, and the reactions of the work 
to the angles of the tool bit. 


First, the irregular cut causes an intermittent load on the centres, 
the tool bit and the tool holder. The strain on the centres can be kept 
to a minimum by presenting the cutting face of the tool bit in a posi- 
tion almost at right angles to the axis of the work, but slightly under- 
cutting, so that the action of the cross feed screw can square the face. 
To obtain a smooth surface on the periphery of the work, round the 
point of the tool slightly and do not have too much contact with the 
work, otherwise the tool will tend to dig in. (Read Tool Grinding and the 
Mechanics of Lathe Tools, pages 123, 179). 
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LATHE GEARING 


A simple form of lathe gearing is illustrated here to show the con- 
nection between the lathe spindle and the lead screw. 


The reverse gears. The rotation of the lead screw of a lathe is pre- 
vented by disconnecting the gear drive through the reverse gears. The 
remaining gears in the train remain set up for use when required. Dis- 
connecting the gears when not in use is a saving in wear of the gear 
teeth and reduces the noise made by the rotation of the gears. On some 
lathes when the lead screw performs a double function, that of a lead 
screw and feed rod, there is also a danger that the screw will grip any 
loose clothing because of the sharp edges where the spline cuts through 
the threads. 


The reverse lever is usually pivoted on the stud and carries the 
reverse twin gears, which are always in mesh with each other. 


Diagram (1) shows both twin gears in the drive between the spindle 
gear and the stud gear. This makes 4 gears, an even number; conse- 
quently the stud gear rotates in the opposite direction to the spindle gear. 


Diagram (2) shows only one twin gear in the drive. This gives an 
odd number with the same direction of rotation between spindle and 
stud gear. 


Diagram (3) shows the neutral position between spindle and stud 
gear, with no rotation of the stud gear. 


Ratio of spindle and stud gear. If the spindle and stud gear have the 
same number of teeth, they will rotate equally. This is important in 
working out the gear ratios between spindle and lead screw, as it is only 
necessary to figure the gear ratio from the stud to the lead screw if the 
stud and spindle ratio is 1 to 1. 


Diagram (4) shows an arrangement sometimes seen on a lathe where 
the spindle gear and the stud gear have a different number of teeth. 
This, of course, varies the ratio and rate of rotation of the gears. In the 
diagram shown, if the spindle makes one revolution, the stud gear 
makes 34 of a revolution. 

The rate of rotation of the stud is inversely proportional to the num- 
ber of teeth, that is, while the spindle gear makes 4 revolutions the stud 
gear makes only 3. This must be taken into account when figuring the 
ratio between spindle and lead screw. 


Simple gearing. Diagrams (5) and (6) show two views of a lathe 
geared up with a simple train of gears. The stud and spindle ratio is 
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1 to 1 so that the effective ratio gears in the train are shown at A, 
driving direct, the ratio being governed by the first and last gear, as 
the intermediate gear functions only as an idler. An idler gear connects 
other gears and only varies the direction of rotation. Usually on most 
lathes, if the spindle and lead screw ratio is less than 1 to 5, a compound 
train is used. 


Compound gearing, (diagrams (7) and (8),) is used when the centre 
distance between the stud and lead screw prevents a greater ratio than 
1 to 5. The pinion placed on the stud drives the first gear on the sleeve. 
The second gear on the sleeve rotates equally with the first gear on the 
sleeve and connects to the gear on the lead screw. All these gears affect 
the ratio between the stud and lead screw and consequently between the 
spindle and lead screw. 


Diagram B shows the difference between a compound and a 
simple train, as at A above, there being two distinct lines of drive in 
a compound train. Idlers could be used to connect gears in a compound 
train, but none are shown here. 

It,is important to note that diagrams A and B show the removable 
or changing gears, and diagrams (1) to (4) the fixed gears. 
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CUTTING A U.S.S. THREAD 


To cut a smooth and accurate thread in a lathe, depends upon the 
operator’s ability to recognize the various influences which have an im- 
portant action on the tool when cutting. A beginner does not usually 
pay enough attention to the small things, and, in consequence, does not 
produce nice work. 


The various forces acting on the tool bit are of vital importance and 
cause a peculiar action on the cut, due to, (1) the manner in which the 
tool is ground, (2) the direction of the cut, (3) the position and type 
of the toolholder, (4) the fit of the slides of the machine and the use of 
proper cutting compound and suitable cutting speed. 


Diagram (1) shows that when the tool cuts on both sides of the thread, 
there are reactionary forces acting at right angles to the cutting faces, 
which have a tendency to pinch the tool bit and draw it into the work. 
This is a common source of many difficulties and if other errors in tool 
setting allow, it will cause disruption of the metal being cut and pro- 
duce a rough surface on the thread. 


Side clearance of the tool. Diagram (2) shows the front elevation 
of a tool bit in the V groove of the thread. The tool shown has too 
much side clearance and will tend to dig into the surface of the thread, 
producing a rough cut. 


Diagram (4) shows a tool with correct side clearance, sufficient to 
eut without the heel of the tool rubbing the work. The cutting edge of 
the tool has ample support and plenty of metal for dissipating the heat 
caused by cutting; at the same time, it will not dig into the surface and 
will produce a smooth cut. The side clearance should be suffivient to 
clear the metal at the root of the thread, because the root has a greater 
inclination than the top of the thread. 


Front clearance. Diagram (3) has an absurd amount of front clear- 
ance, 2ven if incorrectly set above centre, as shown, the tool has a weak 
cutting point and would tend to wear quickly and dig into the thread. 
Diagram (5) shows the correct amount of front clearance from 10 to 15 
degrees. This is a very important item in tool grinding for threading, 
and, if followed, will produce a smooth thread. 


The height of the tool bit. Diagram (5) shows the correct height 
for a tool bit when cutting a thread. Because of the gripping action 
between the tool bit and the work, the tool should be set on centre so that 
if the toolholder springs from any cause when cutting, it will be pushed 
down by the chip pressure, away from the work. If the tool were set 
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above centre, it would be pressed down and into the work, producing a 
heavy cut, which would probably spoil the thread. 


Feeding the tool into the work with the cross feed screw. Diagrams 
(6) and (7). If this method of cutting is adopted, the point of the tool 
which is the weakest part of it, receives the full force of the cutting action 
all the time. In addition to this, two chips converge on each other from 
both sides of the thread and the resistance they offer to each other, in 
coming away from the cutting faces, gives extra and unnecessary burden 
on the tool which ean be felt in the cutting action of the machine. 


Feeding the tool into the work with the compound slide rest set at 60 
degrees. Diagrams (8) and (9). By this method, all the bad features 
shown in diagrams (6) and (7) have been eliminated. The strain of 
cutting is distributed evenly over one cutting edge. The single chip pro- 
duced has ample freedom in coming away from the cut, and the binding 
action of the V on the tool is reduced to a minimum. If the carriage is 
held back by slight pressure on the hand wheel, the right side of the 
thread can be smoothed on the last few cuts. 


Depth of cut when threading. Diagram (10). As the cut increases 
in width, due to the increased depth in the V, the depth of eut should 
decrease as shown. At intervals, a free cut should be made to take care 
of any spring in the machine. The space between the lines represents 
the amount of the depth of cuts indicated, and the lines represent the 
time when free cuts should be taken. 


Spring of the work and machine. Diagram (11). The work resists 
penetration of the tool and tends to spring away from it. On the other 
hand, due to the chip pressure, the tool is pushed away from the work 
if any slackness in the fitting of the machine allows it. This is the reason 
why free cuts should be taken to produce a smooth surface on the thread, 
particularly when the tool is well down in the V near the finish of the 
thread. 


Use of cutting compound. The proper selection of a suitable cutting 
compound for different metals is necessary if a nice thread is required. 
This point can easily be proved by cutting one thread with a proper com- 
pound and one without. 

These points are intended for beginners in thread-cutting, and if slow 
cutting speeds are used at first, a first-class job will result. 
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SETTING THE THREAD TOOL FOR SCREWCUTTING 


If proper fitting threads are to be obtained, the operator must 
exercise care in the grinding of the tool bit, the selection of the tool- 
holder, the position of the toolholder in relation to the axis of the work, 
and the amount it overhangs from the toolpost. 


Grinding the tool bit. First, the type of thread must be known. If 
it is U.S.S. thread, the profile of the tool will be a 60° angle. It is not 
sufficient, however, just to grind this angle on the tool bit, but one 
must know how the toolholder will be placed when the tool bit is cor- 
rectly placed with regard to the axis of the work. As far as possible, the 
toolholder works best when it is slightly beyond the right angle position 
with the work axis, that is, if undue pressure is exerted on it, it would 
not spring or turn into the work to increase the depth of the thread. 


The amount of flat on the end of the tool for any given thread 
should be tested with a screw pitch gauge of the desired pitch. (See 
page 59). 


Right or left hand tools. If the thread being cut is right handed, 
the side clearance of the tool bit will be chiefly on the left side of the tool, 
looking towards the work. If the thread being cut is left handed, the 
side clearance will be on the right side. The top face of the tool, when 
in position in the toolholder, is generally horizontal and exactly on 
centre. If the compound slide is used to increase the depth of cut, the 
tool is sometimes given a side rake. The right hand tool in this case 
would have a side rake from the left or cutting side of the tool down- 
wards, and the left hand tool would have a side rake from the right 
hand cutting side downwards. The tool, before using, should be rubbed 
with a fine abrasive stone, as a thread can only be as smooth as the edge 
of the tool that cuts it. 


Setting the tool to the work with a thread gauge. Diagram (1) 
shows the plan and elevation of a tool being set with a centre or thread 
_ gauge with an angle of 60°. These diagrams show the thread gauge 
inclined from the horizontal in an incorrect position, so that the angle is 
more than 60°. It is necessary, therefore, when using a thread gauge 
to set it correctly, as shown in diagrams (2), in a horizontal position. 

One method of checking the tool position is shown in diagram (2). 
Here the gauge is held tight against the work ‘and the parallel space 
between it and the tool bit is checked. 

Diagram (3) shows another method. Here the gauge is held tight 
against the tool bit and the parallel space against the work is checked. 
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The effect of incorrect setting of tool with the axis. Diagram (4) 
shows a tool which has cut a thread while incorrectly set, that is, the 
line that bisects the profile angle of the tool (60°) is not at right angles 
to the axis; consequently, when fitted into a correctly cut thread as 
shown, the threads touch and wear at the points only, and will not fit 
together at all, unless they are a very poor, slack fit, as shown. This 
condition is very bad. A tool correctly set and a thread correctly cut 
are shown in diagram (5), giving a good fit and maximum wearing 
surface and strength. 


Setting tool for cutting threads on tapered work. The thread tool 
should be set square with the axis of the work, as shown in diagram (6). 
The most satisfactory way to cut such a thread is to use a taper attach- 
ment, so that the work runs on the centres in alignment; and the tool 
follows the taper as set on the taper attachment. If an attachment is not 
available, the work may be set over from the tailstock to give the correct 
taper, but the tool setting is still the same as shown in diagram (6). If 
work is held in the chuck, the tool must be backed out slowly by hand to 
give the correct taper and form of thread; but this is not very satis- 
factory, if particular work is desired. 
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THREADING TOOLS 


Thread cutting is in reality a forming operation, the form of the 
tool depending upon the type of thread being cut. The formed shape 
is cut like a helix around the cylinder, and as is well known with ordin- 
ary forming, there is a tendency to produce chattered work. Because of 
the pinching action of the sides of a thread on a threading tool, and 
because of the tendency of the tool to dig in, many tool holder manu- 
facturers have designed special threading toolholders for ordinary screw- 
cutting in a lathe. 


For production work, special threadeutting die heads have been 
designed with chasers such as those produced by “Landis” and 
“Geometric” and are excellent tools, but on account of their cost, are 
only used for large quantities of work. 


Spring threading tool holder (“Agrippa” patented), as shown in Dia- 
gram (1). This toolholder is designed on the “goose neck” principle. 
The metal is so weakened at the point (A) that any overload at the 
cutting edge will cause the tool to spring about the pivot point (A). It 
is obvious that the cutting edge of such a tool should be set on centre 
with the work. If it were set above centre, it would produce worse 
results than a solid toolholder, because the tool bit would readily spring 
down into the work. If it is set carefully on centre, the tool bit will spring 
away from the work and produce a smooth thread. The cam at the 
point (B) may be adjusted to take out all the freedom for springing 
for rough cuts or to allow freedom in any required amount for light 
finishing cuts. 


Chaser type of toolholder. (“Pratt and Whitney” patented). 
Diagram (2). The chief advantage of this toolholder is that the operator 
has a tool ready ground for use. Several chasers are provided for 
different numbers of threads. When the toolholder has been held rigidly in 
the tool post in approximately the correct position for height, a very fine 
adjustment for height can be obtained by turning the screw at (A), after 
unlocking the chaser clamp at (B). When grinding the tool to sharpen, 
it is only necessary to grind the top face, and lines are provided on the 
chaser to guide the operator and retain the correct rake angle. The 
front clearance angle is established by grooving the chaser into the 
toolholder. 


Pivot formed threading tool holder. (“Armstrong” patented). 
Diagram (3). This tool, like the one illustrated in diagram (2), has a 
formed tool bit for different number of threads. To adjust the cutting 
edge, the screw (A) is loosened and the formed tool turned around by 
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the set screw (B). This adjustment may be used to change the height 
of the tool bit or slightly vary the rake angle. To sharpen the tool, only 
the top face is ground. 


Plain threading toolholder. Diagram (4). This is the common tool- 
holder that is used for most operations of lathe turning. When used for 
screw cutting, the tool bit must be ground by the operator to the correct 
cutting angle, and profile and the top will have to be ground to offset the 
inclination provided by the toolholder, and to give it the correct rake for 
screw cutting, which is usually horizontal. The tool can be adjusted for 
exact height by moving the toolholder or by loosening the set screw that 
holds the tool bit, and then moving the tool bit up or down the inclined 
slot as desired. This latter method is better because it does not change 
the position of the tool at right angles to the axis of the work. 


Threading to shoulder. Diagram (5). Most special tool holders for 
threading are made of the offset type, so that one can thread close to 
the shoulders or thread work held in the chuck without any difficulty. 
The tool bit should be ground offset as shown in diagram (5), so that the 
form of the thread can be completely cut before the side of the tool bit 
strikes the shoulder of the work. A groove should always be provided as 
shown, cut to a depth equal to the pitch of the thread so that the point 
of the tool bit will have clearance. 


Threading work without shoulders. Diagram (6). It is much 
easier to thread such work if a clearance is provided for the tool to run 
in at the completion of the thread cutting, but if the thread must stop, 
as shown, the work should be turned by hand for the last revolution, and 
the tool backed out carefully; otherwise the tool bit will be broken by 
striking an irregular amount of metal. For this class of work, the 
point of the tool is best ground in the centre. 
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MEASURING THREADS 


It is very important that threads be measured accurately, because 
a few thousandths of an inch will make a great difference in the fitting 
of the threads. The shape of the tool bit that cuts the threads, the 
amount of flat on the end of the tool and the diameter of the work 
influence largely the final fit. 


U.S.S. thread tool gauge. Diagram (1). This tool is a template for 
testing the correct angle and amount of flat of the tool bit being ground 
preparatory to thread cutting. The V at A tests the 60° angle and each 
of the other V grooves is marked for the number of threads per inch that 
the tool being ground is intended to cut. 


Testing number of threads per inch on work. Diagram (2). When 
testing a piece of work that is threaded, place a rule on edge, as shown, 
with one inch mark corresponding to the top of one of the threads. 
Count the number of V grooves or spaces that are included in one inch, 
and that will be the number of threads per inch. Metric threads can be 
measured so many per centimeter, although the base of this system is 
one millimeter and a metric screw pitch gauge should be used. Some- 
times it is advisable to check the number to a 2” space. Example, 414 
threads per inch would be exactly 9 for a 2” length. 


Measuring threads with calipers. Diagram (3). The outside thread 
calipers shown at (A) are tapered at an angle so that they will measure 
only the diameter of the work at the root or bottom of the thread. The 
outside thread calipers shown at (B) are made wide enough so that they 
will bridge across the tops of the threads to measure the outside diameter. 
Most beginners make the outside diameter of threaded work larger than 
the nominal size. It should be obvious that if a plain plug cannot enter 
a plain hole if the plug is oversize, an oversize threaded piece cannot enter 
a threaded hole. Measure the work carefully as a few thousandths of an 
inch make a great difference between a proper fit and a poor fit. 


Use of the screw pitch gauge. Diagram (4). This tool may be 
used to test work to find how many threads per inch. This is done by 
trial, estimate the number of threads approximately, then try the leaves 
of the gauge near that number until one is found to fit perfectly. 

The most important use of this tool is to test the threads of work 
being cut in the lathe. If the outside diameter of the work is correct and 
the screw pitch gauge fits the work perfectly, the thread is finished and 
should fit the corresponding nut. 


The leaves are made narrow in width to allow them to fit inside small 
threaded holes to test the correct cutting of the thread. Some screw 
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pitch gauges have stamped on them the double depth of the thread 
corresponding to the pitch of the thread marked on the leaf. 


Screw thread micrometer calipers. Diagram (5). In this micro- 
meter, the anvil is hollowed to fit the thread and the spindle is pointed 
to fit the corresponding V, so that when they fit together, O is 
registered on the thimble corresponding to the line. When fitted 
to test a screw the diameter measured is the pitch diameter or the outside 
diameter, less the depth of one thread. Example. Caliper reading or 
pitch diameter for U.S.S. threads D— a Look up table, page 201. 

Example. For 1” diameter, 8 threads per inch, pitch diameter is 
given .9188”. To test a 1”’—8 U.S.S. spindle, the thread micrometer 
would measure .9188” for correct pitch diameter. 


To test diameter of threaded work with ordinary micrometer by the 
“Three wire method’. Three wires are used as shown, held in a wood 
block. They are of equal diameter, but any diameter smaller than the 
pitch of the thread will do, providing they project beyond the outside 
diameter of the work. Place the wires in the grooves as shown, and use 
the mhicrometer against them to get the reading for correct depth of cut. 


To test U.S.S. form of thread. To the diameter of the screw, add 
three times the diameter of the wire and from the sum subtract the 
quotient obtained by dividing 1.5155 by the number of threads per inch. 
Micrometer measurement across work and wire M, diameter of wire W, 
diameter of work D, number of threads N. Formula :— 

M=D + 8W—1.5155 
N 

Example. To measure 1”—8 U.S.S. thread, wire selected .072” 

diameter. 





3W=3 x .072”—=.216” 
15155 _ 1.5155 
N 8 


Measurement—1.000” + .216”—.189—=1.027”. 


= .189 





whe. 4 
To measure a V thread, the constant : = is used. 





To measure a Whitworth thread, the constant -— is used, and 


3.1657 times the diameter of the wire as in the above rule. 
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THE USE OF A THREAD DIAL 


A thread dial is used on a lathe to save time in screw cutting and 
to guide the operator in engaging the half-nuts at the proper place with 
the lead screw, in order that the thread tool may engage in the previous 
erooves cut in the work. 


Even geared lathe. A lathe is even geared when the number of teeth 
on the spindle gear equals the number of teeth on the reverse spindle 
stud. These gears are fixed on the machine and are connected by the 
reverse gears. 


Threads cut without thread dial. If the lead screw of a lathe is 8 
pitch, the half-nuts may be engaged at any time to cut threads on the 
work the numbers of which are multiples of the number on the lead 
screw, such as 8, 16, 32, 40 threads, ete. 


Note. This is only true when the lathe is “even geared”. If 4 threads 
per inch on the work were being cut and the half-nuts were engaged at 
any time, the tool would cut on the thread correctly or split the thread 
exactly in two and spoil the work. This introduces the advantages of 
using a thread dial. 


The thread dial may either be permanently fixed on the carriage of 
the lathe or may be engaged when required, to prevent undue wear on 
the worm gear. The lead screw of the lathe engages with the worm gear 
of the thread dial and is connected by a spindle to the dial face which 
rotates past the stationary zero mark. 


Diagram (7) shows a thread dial, the worm gear of which has 32 teeth 
and the lead screw has 4 threads per inch and is single-threaded. Conse- 
quently, every time the lead screw revolves once, the worm gear and 
dial revolve 1/32 of a revolution. For every revolution of the worm gear 
and dial, and the lead screw revolves 32 times. 


Diagram (8) shows an enlarged view of the dial in plan. It has 8 
main divisions and 16 sub-divisions. If the half-nuts were engaged and 
the dial made 1 complete revolution, the lead screw would have made 32 
revolutions; and because the lead screw is single-threaded and 14” pitch 
the carriage would have travelled 32 x 14” which equals 8”. If, there- 
fore, there are 8 main divisions on the dial, for each division the carriage 
would travel 14 of 8”, that is 1”. 


Note. It is well for a lathe operator to understand what the divisions 
of a dial represent by applying the above method, because of the varying 
types of thread dials used. 
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Graphical examples for engaging threads are shown in Diagrams 
(1) to (6). Diagram (2) shows that the half-nuts may engage at any 
place, because there are 8 threads per inch on the work, the same as the 
lead screw. Diagrams (1) and (3) show the thread dial must be used 
by engaging the half-nuts when any of the 16 divisions pass the zero 
mark, representing 14” travel of the carriage. 


Diagram (6) shows that only the numbered divisions on the dial may 
be used, representing 1” travel of the carriage. 


Diagrams (4) and (5) show that every alternate division must be 
used representing 2” travel, that is numbers 1, 3, 5 and 7, or 2, 4, 6 and 
8. When engaging the half-nuts, watch the dial and lift the half-nut 
lever easily when the desired marks coincide, to prevent undue wear on 
the half-nuts. A lathe fitted with a reverse or backing belt may be used 
if there is no thread dial provided with the machine. In this case the 
half-nuts are engaged all the time until the job is finished, but the thread 
tool must be backed out of the thread being cut, to prevent spoiling the 
thread on the return stroke. 

This method is very slow but suitable for short threaded work and is 
not nearly so effective on long work as using a thread dial. 
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CUTTING A SQUARE THREAD 


A square thread is used to transmit motion in a direction parallel to 
its axis, such as can be found in the function of a screw-jack. 


Diagram (1) shows a section of a square thread. The space is nom- 
inally one-half the pitch, or equal in width to the thread itself, but as 
any lathe operator knows, if this were exactly so in the screw and nut, 
they could not fit together. In practice, therefore, one must be slightly 
smaller than the other to allow for a running fit. Usually there is suf- 
ficient “back lash” between the half-nuts and lead screw to make the 
space slightly larger than the thread. It is very important that proper 
clearance be made at the bottom of the thread. Although .005” is 
sufficient, beginners are advised to make this .01”, as it is common 
to find interference between nut and screw through not providing proper 
clearance. 


Diagram (2) shows a section of a square thread of a screw and nut in 
mesh. The drawing shows the hole that was drilled in the screw before 
starting to cut the thread, to allow clearance for the tool on the termin- 
ation of the cut. The bore of the nut before threading should be equal 
to the diameter of the screw minus the pitch of the thread. 


Setting the tool to cut a square thread on a screw. Diagram (38). 
This illustrates the plan or profile of the tool being set in position at right 
angles to the axis of the work, preparatory to starting the cut. The 
profile of the tool shows clearance back from the cutting edge. When 
the rule is placed against both sides of the tool, as shown, the clearance 
angle can be compared. 


Cutting an internal square thread. Diagram (4). This illustrates 
the plan of the boring or inside threading tool being set in position. The 
rule placed against the face of the work is used to check the position of 
the tool at right angles to the axis of work. It is important to obtain 
a correct thread which will fit the faces of the threads of the screw 
evenly. 


The slant of the tool. Diagram (5). This shows the front elevation 
of the tool, illustrating the clearance between both sides of the tool and 
the thread faces. It is readily seen that the inclination or slant of the 
tool is greater than the inclination of the top and bottom of the thread. 
Therefore the side clearances of the tool must be sufficient to just clear 
the root angle. It is advisable not to grind any more metal from the tool 
than is necessary to clear, because the tool requires strength and rigidity. 
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Templates for grinding side clearance of the tool. Diagram (6). It 


is well to use a template when grinding the side clearance. Many be- 
ginners have broken square threading tools because the leading, clearance 


angle was only sufficient to clear at the top of the thread, and when the 
root was approached, the tool was snapped off because of insufficient 
clearance. 

To obtain the angle (A), draw a right-angled triangle, as shown 
below diagram (6), with the side opposite the angle (A), equal to the 
circumference at the root of the thread and the side adjacent angle (A) 
equal to the pitch in a single thread and the lead in a multiple thread. 
When the hypotenuse of the triangle is drawn, the angle (A) is ob- 
tained. Cut out metal templates as shown in diagram (6) and test tool 
for clearance as shown, while it rests on a metal block. Example. To 
find slant of following and leading side of tool template. If the screw in 
diagram (5) has 114” outside diameter and 4 threads per inch. 
Lead = .250”, Outside diameter — 1.250”, Root diameter — 1.000”. 
Circumference (outside) = 3.14 x 1.250” = 3.92” (following side) ; 
circumference (root) = 3.14 x 1.000” = 3.14” (leading side). Method 1. 
Lay these out on metal, cut out and test angles on tool. Method 2 by 
trigorometry. 


side opposite 3.92” tan angle 86° 21’ tem- 


Tan = aie 0 15.68 ie ac for follow- 
; 314” tan angle 85° 27’ tem- 
Tian <= S100 Oppostie! oa x25 6, 1 Se eiace wel orien dae 


side adjacent .250” ae. 


Shape of the tool, Diagram (7), shows the plan and elevation of a 
tool used for cutting a square thread. The front clearance is 10°, which 
is sufficient and gives good support to the cutting edge. The front rake 
is shown lipped to roll the chips clear of the work, and to make the tool 
eut freely. 
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CUTTING AN ACME THREAD 


The acme thread is used quite often in place of a square thread. 
Lathe lead screws used to have a square thread but now it is quite com- 
mon to see an acme thread used. The chief reason for this is that the 
half-nuts can engage readily with a 29° angle thread without doing 
damage to the half-nuts or lead screws. The acme thread is also easier 
to cut than a square thread and is much stronger. 


Comparison between U.S.S., acme and square thread. Diagrams (1), 
(2) and (8). The section of the three threads shown in the diagrams 
show a comparison of size and shape for threads of equal pitch. In 
order of root strength, it can be seen that U.S.S. comes first, acme second, 
and square thread third. 

In order of amount of wearing surfaces, a similar sequence will be 
noticed. In order of the reaction forces from the face of the thread 
tending to burst the nut, the square thread has no such action, the acme 
has some, and the U.S.S. a great deal. 

It can be seen from the foregoing that the acme thread is a com- 
promise between a U.S.S. and a square thread. 


Section of acme screw and nut. Diagram (4). Here one can see 
that clearance is provided at the top and bottom of the thread, similar 
to a square thread. The flat (C) at the bottom of the thread will be less 
than the flat at the top of the thread (IF), because the depth equals one 
half the pitch, plus the clearance. 


The bore of the nut is found by subtracting the pitch (P) from the 
outside diameter of the screw. The diameter at the bottom of thread of 
the nut is found by adding .020” to the outside diameter of the screw. 
(The root diameter of the screw equals the outside diameter minus the 
pitch plus .020” clearance.) 


Grinding and setting the acme thread tool. Diagram (5). The pro- 
file of the tool is ground to an inclusive angle of 29° and is tested by the 
angle shown at (A) on the 29° screw thread gauge. The flat at the end 
of the tool on the top face is measured as shown at (B). When setting 
the tool at right angles to the axis of the work, the leading edge of the 
tool must fit snugly against the angular edge on the gauge, while the 
edge of the gauge fits tightly against the work as shown at (C). When 
in position to cut the acme thread the front clearance of the tool should 
be 15° as shown at (D). 


Setting the tool for cutting an internal acme thread. Diagram (6). 
After the profile angle of the inside threading tool has been tested, the 
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tool is set in position for threading by placing the gauge against a 
parallel resting across the face of the nut and then setting the tool to the 
gauge. 


Cutting acme threads with fine pitches. Diagram (7). For pitches 
finer than 5 threads per inch, the same tool may be used for rough and 
finish threading. This contact on both sides and the front of the tool 
tends to draw the tool into the work and as in cutting a U.S.S. thread 
(page 51), precaution as to the type of toolholder used and the height of 
the tool must be attended to if a smooth thread is to be produced. 


Cutting acme threads with coarse pitches. Diagrams (8), (9), and 
(10), It is better to cut a coarse thread in stages. First, cut a square 
groove with a tool similar to a square threading tool, but slightly smaller 
at the end than the finish flat required at the bottom of the thread. 
This operation is followed by a right side tool, as shown in diagram (9) ; 
then followed in the next operation by a left side tool, as shown in 
diagram (10). The advantage of using these two tools lies in the fact 
that they cut freely. One ribbon-like chip is removed from each side of 
the thread at one time and there is no binding action on the tool, so 
that a smooth face is produced. If desired, a finishing tool may be used 
the exact size and shape of the thread, with a very light cut. 


Table of Acme Standard Threads 


Diameter Threads per inch Diameter Threads per inch 
a 10 lg 6 
aor g 144” 5 
a /4 8 114” 4 
te 7 Oe 3 
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CUTTING MULTIPLE THREADS 


If a screw has multiple threads, it means that it has many threads 
or more than one thread. Multiple threads are used on screws when a 
fast lead or great progression is required per revolution of the screw. A 
common fountain pen is a good example of the necessity for multiple 
threads. Here it is necessary for the cap to go on a sufficient distance 
to hold it, without too much turning, and yet the threads must be fine. 
A quadruple thread is commonly used for this purpose. 


Lead and pitch of threads. Diagrams (1) to (4). Diagram (1) 
shows a single thread, or one path or groove passing round the cylinder. 
In a single thread the “Lead” and “Pitch” are equal. “Pitch” equals 
the distance from one thread to the next thread. “Lead” equals the 
amount of progression a screw would make in a nut per revolution of 
the screw. 


Diagram (2) shows a double thread. The end view of the cylinder 
shows how two threads start at points diametrically opposite each other, 
the lead in each case being twice the pitch. Diagram (3) shows a triple 
thread. The end view shows that three threads start at three points 
equidistant from one another, the lead in each case being three times the 
pitch. Diagram (4) shows a quadruple thread. The end view shows that 
four threads start at four points equidistant from one another, the lead in 
each case being four times the pitch. 


Comparison between threads of equal lead but unequal pitch. 
Diagrams (5) and (6). The two screws shown have the same outside 
diameter, one having a single thread (diagram 5) and the other’ having 
a quadruple thread (diagram 6). The single thread is designed to carry 
a heavy load and the quadruple thread a light load, but both give the 
same progression per revolution of the screw. Both threads have the 
same amount of metal from the root of the thread to the bore, and yet 
it can be seen that the bore in diagram (6) is much greater, which shows 
that a quadruple thread gives a greater comparative lead with a small 
wall of metal. 


Tool design for a triple thread. Diagram (7). The lesson on cutting 
a square thread, page 65, shows the importance of the slant of the tool. 
This slant is further accentuated in the case of multiple threads, as can 
be seen from diagram (7). In addition to this side slant, it is advisable 
to slant the top face of the tool so that both sides of the thread are cut 
with a tool with equal rake. 
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Cutting a triple square thread. Diagrams (8) and (9) and (10). 
There are three distinct grooves to be cut in the metal, as shown in the 
end view, diagram (10). Drill one hole to terminate cut one, and gear 
up machine to give the required lead. See lessons on gear ratio, page 133. 
Engage the half-nuts but do not cut the work, and see that the tool 
terminates in the centre of the drilled hole. If not, offset the tool with 
the compound slide rest. When one thread is completely cut, it 1s 
necessary to index the tool for the next cut. Diagram (8) shows two 
grooves completed with the third one to be cut; and diagram (9) shows 
the three threads finished. 


Indexing the work to cut a multiple thread. The simplest method of 
doing this is to use a drive plate on the spindle with slots cut accurately 
to place the tail of the lathe dog in. For a double thread two slots 
diametrically opposite would be used. For a triple thread, three slots 
would be used, and for a quadruple thread, four slots. 


Indexing with the stud gear and idler. Diagrams (11) and (12) 
show that on some lathes the spindle and stud ratio is one to one; that is, 
the number of teeth in the spindle pinion and inside stud gear are equal, 
diagram (11). In Diagram (12), there are 30 teeth on the spindle pinion 
and 40 teeth on the inside stud gear, so that the ratio would be three to 
four. This must be watched in figuring the gear ratios and in indexing. 
Diagram (13) shows the method of indexing for a triple thread with 
spindle and inside stud gear ratio one to one. ‘The outside stud gear 
should have a number of teeth which is a multiple of three. Mark every 
eighth tooth with a piece of chalk to give three divisions in a 24 tooth 
gear. Now mark a space in the idler gear opposite one marked tooth in 
the stud gear, while the first thread is being cut. To index for the second 
thread, disconnect the idler and turn the spindle until the next tooth on 
the stud gear engages the space in the idler gear; but do not turn the 
idler, or the lead screw position will be incorrect. Now cut the second 
thread. Then proceed similarly with the third thread. 
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LATHEWORK QUESTIONS 


Name the important mechanisms to be found in an apron mechanism. 
Sketch the gear mechanism of a lathe apron when engaged for: 
(a)automatie cross feed, and (b) automatic long feed. 

Sketch the mechanism used when operating by hand a long feed. 
Why is it necessary to prevent the half nuts and the friction feed 
being engaged at the same time? 

Which threads are best for a lead screw of a lathe (a) Square 
threads (b) Acme threads? 

Which is preferable in a lathe: (a) One that has a lead screw 
splined for turning the worm in the feed mechanism; (b) one 
that has a lead screw and a separate splined shaft for automatic 
feed? Why? 

Sketch the half nuts of a lathe in two views each (a) half nuts 
engaged (b) half nuts disengaged. 

Sketch a piece of work rough formed to a profile. 

Sketch a forming tool that contains a complete form on its cutting 
edge. 

Which is better, to finish up on a formed shape or finish down? 
State the reasons why. 

Sketch a spring forming tool. What is the advantage of using 
such a tool? 

How can a template be traced from a blue-print of a formed part? 
Illustrate by a sketch. 

What are the advantages, if any, of the use of a hand tool when 
forming? 

What assistance can the automatic feeds of a lathe give when form- 
ing? 

Sketch a 1” mandrel showing all its features with the centre hole 
in section. 

Sketch a mandrel showing the taper, the small end, the large end 
and the location of the nominal diameter. 

Why are flats ground on a mandrel? 

Why is a mandrel made of tool steel and why is it hardened, tem- 
pered and ground? 

State two methods of putting work on a mandrel. 

Sketch a mandrel with work mounted on it and show the large end 
in relation to the direction of the feed of the tool. 

How would you prevent a pulley from slipping on a mandrel while 
being turned? 

Why should work be reamed before mounting on a mandrel? 
Which is preferable when placing work on a mandrel, (state reasons 
why (a) A soft hammer, or (b) an arbor press? 

Why is it necessary to “spot” work before drilling it in the lathe? 
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Sketch in section a “spotted” hole showing a drill point starting 
to drill. What should be the relation of the angle of the spotted 
hole compared to the angle of a drill point? 

Sketch two tools commonly used for spotting, previous to drilling. 
What are the disadvantages of placing taper shank drills in a lathe 
tailstock for drilling work? 

Sketch a drill holder for use on a lathe. What are its advantages? 


Why is it necessary to ream a hole after drilling? What reamer 
should be used on a lathe? Where does the cutting take place on 
the reamer? 


What sized drill should be used to drill a hole that has to be 
reamed with a 34” reamer? 

Why is it necessary to have drills ground accurately when drilling 
holes previous to reaming? 


Why should the work being reamed not be reversed when backing 
out areamer? What happens if the reamer is taken out of the hole 
without turning the work in the lathe? 


How would you locate the centre of round stock? 


How would you lay out the centre lines on the end of round stock 
so that both lines would be in the same plane? 


How would you check the “offset” of a piece of work which is 
centre dotted only on the ends, when making an eccentric shaft? 


By what method is the offset centre of a piece of stock drilled when 
making an eccentric shaft? 


Sketch two end views of two centre holes for an eccentric shaft: 
(a) Correctly drilled, (b) Incorrectly drilled. 

How can centre holes be corrected if the “offset” is slightly out? 
Make a sketch showing the “offset” and the “throw” of an eccentric 
shaft. 

Sketch an eccentric shaft being turned on centres showing the 
type of tool used to reduce the eccentric ends. 

Sketch three positions of the reverse gears of a lathe showing 
Reverse, Forward and Neutral positions. 

Sketch the spindle gear, reverse gears and stud gear so that the 
stud gear makes 34 of a revolution each complete revolution of 
the spindle. 

Sketch the front and end views of a lathe gearing which is set 
with a simple train of gears to cut a right hand thread. 

Sketch the front and end views of a lathe gearing which is set 
with a compound train of gears to cut a left hand thread. 

How do vou decide to set up a simple or a compound train of 
gears? 

What gears are not changed and what gears are changed when 
setting up lathe gears? 
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What is likely to oceur when cutting occurs on both faces of a 
U.S.S. tool when cutting a thread? 


Sketch the view of a U.S.S. thread tool cutting a thread, showing 
the height of the tool with regard to the axis of the work. 


What is the influence of too much:—(a) front rake, (b) front 
clearance, (c) side clearance, when cutting a U.S.S. thread? 


Sketch the plan of a U.S.S. thread tool showing the direction and 
angle of the cut when using the compound slide rest to feed the 
tool into the work. 


Why should free cuts be taken occasionally when cutting a U.S.S. 
thread ? 


What should be the depth of each cut when cutting a U.S.S. 
thread: (a) When beginning, (b) When finishing? 


Why should a thread gauge be held horizontally when setting a 
thread tool? 


Why is it necessary to set the thread tool in the correct position 
with regard to the axis of the work being threaded? 


Sketch the plan of a thread tool being tested for position, showing 
the thread gauge and the work to be threaded. 


How is a thread tool set when cutting a thread on tapered work? 
Is it set with the thread gauge parallel to the tapered face of the 
work or parallel to the axis of the work? 


Sketch a spring threading tool. What are the advantages of using 
such a tool when cutting a thread? 


Sketch one type of threading tool which provides the profile of the 
tool ground ready for use. 


Sketch the plan of a threading tool cutting to a shoulder, on work 
with thread clearance provided by means of a groove cut near the 
shoulder. 


Name two methods of testing the number of threads per inch on 
work being threaded in the lathe. 


Sketch a caliper suitable for testing the outside diameter of 
threaded work. 

Sketch the anvils of a thread micrometer testing threaded work. 
What diameter does a thread micrometer measure? 

What would be the measurement of a thread micrometer when 
measuring a 1”-—8 U.S.S. thread? 

Sketch the micrometer anvils measuring a U.S.S. thread by the 
three wire method. 

What is the formula for measuring the diameter of threaded work 
by the three wire method? 

Sketch a thread dial mechanism showing the dial, the worm gear 
and the lead screw of a lathe. 
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If a thread dial has eight main divisions marked on it, and the 
worm gear has thirty-two teeth meshing with a lathe lead screw, 
what amount of travel of the carriage does each division of the 
dial indicate? 


What divisions on the thread dial, as described in question (68), 
ean be used for correctly indicating when to connect the half nuts 
of a lathe with a four pitch lead screw? (a) For four threads per 
inch, (b) For nine threads per inch, (c) For 41% threads per inch, 
(d) For 11% threads per inch. 


What do you understand by an even geared lathe? 


If the lathe dial as described in question (68) had eight main 
divisions and sixteen half divisions, how could the half divisions 
be used to advantage? 


Sketch an enlarged section of an external square thread showing 
the proportions of the thread. 


Sketch a section through a square thread and nut. 


What size would you bore a nut to be square threaded to fit a 1144” 
diameter screw, four threads per inch? 


Sketch three views of a square threading tool. 


‘Caleulate the angle of a template for testing the angle of the 
leading and following sides of a square threading tool. The thread 
to be cut is 114” diameter and four threads per inch. 


If a square thread tool is not ground with sufficient side clearance 
what is likely to happen when cutting the thread? 


Show by means of sketches how a square thread tool is set cor- 
rectly in relation to the work for:— (a) An external thread, (b) 
An internal thread. 


PLANING IN THE SHAPER 
THE SHAPER MECHANISM 


After the student is familiar with the lessons in book one, and has 
operated the shaper on simple operations, it would be well to in- 
vestigate further the mechanism of the shaper. ‘The shaper offers some 
some interesting examples of applied mechanics. Primarily, it is an 
example of a machine working at a mechanical disadvantage because the 
driving action of the crank pin on the vibrating arm acts as the third 
order of lever. 


Position of stroke. Diagram (1) and (2). If the vibrating arm is 
fastened to the ram in the position shown in diagram (1), the stroke at 
the tool point will occur near the column of the machine. If the vibrating 
arm is fastened to the ram at the rear of it, as shown in diagram (2), the 
stroke at the tool point will occur farther away from the column than that 
shown in diagram (1). Work should be so placed that the stroke will 
cover it nearest to the column for greater support and rigidity. 


Mechanical diagram of shaper with fixed fulcrum. Diagram (3A). 
It can be seen from the line diagram that the forward or cutting stroke 
takes up far more rotation of the crank pin than the return or non- 
cutting stroke. Since the crank pin rotates at an even rate, it must 
follow that the return stroke is much quicker than the forward stroke. 
This is the method of producing in the shaper the Quick Return during 
the non-cutting stroke. The power or lever arm during the cutting stroke 
is longer than during the return stroke, giving greater power when it is 
needed during the cutting stroke. With a fixed fulcrum at the bottom of 
the vibrating arm, the top of the arm is compelled to move on the are of 
a circle. To allow for this arc-like movement when fastening the 
vibrating arm to the adjusting screw, the block, as shown in diagrams 
(3B) and (38C), is slotted, allowing the end of the arm to move up and 
down the slot while passing through the are. 


Detail of crank pin and vibrating arm. Diagram (4A). This dia- 
gram shows the crank pin with its location on the face of the bull gear, 
which controls the length of stroke of the machine. The crank pin 
rotates in the block which slides up and down the slot in the vibrating 
arm, forcing the vibrating arm to move. This vibrating arm has a 
fixed fulcrum at the bottom; therefore the top end moves on the are, as 
previously illustrated in diagram (3A). Diagram (4B) shows another 
method of connecting the vibrating a to the adjusting serew. Here a 
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link is used to connect the end of the arm to the block through which 
the adjusting screw passes. 

Vibrating arm with floating fulcrum. Diagrams (5A) and (5B). 
The bottom end of the vibrating arm is connected to the fixed fulcrum 
through a link, as shown at (5B). As the crank pin rotates and 
moves the arm, the bottom end of the arm moves up and down on the 
floating fulerum because the top end is fastened to the adjusting screw 
block (5C) and must move in a straight line with it in a reciprocating 
motion. 


Cutting speed of the shaper tool. In Diagram (3A), the return stroke 
are represents the time of the return stroke, while the forward stroke are 
represents the time of the forward stroke. The relation of these arcs is 
usually about 2: 3 or 1: 1%. If, therefore, the bull gear makes 150 
RPM., and the stroke of the machine is 12” long, the tool goes forward 
and back 150 times in one minute, that is, the tool actually covers 300 
feet per minute, but the cutting stroke takes 3/5 of the time and the 
return stroke 2/5 of the time. 

Therefore the cutting speed equals 5/3 x 150 feet or 250 feet per 
minute and the return stroke of the tool equals 5/2 x 150 feet or 375 
feet per minute. The length of the stroke governs the cutting speed, not 
the length of the work being cut, because for a given rotating speed of 
the bull gear, the ram moves a distance according to the position of the 
crank pin. . 

If the work is 4” long and the stroke 6” long, the cutting speed 
must be figured on a 6” stroke for a certain RPM. of the bull gear. 

To obtain the same cutting speed in FPM (feet per minute) for a 
6” block as for a 3” block, speed changes must be made either by gears 
in the machine or steps on the cone pulley. 
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SHAPER OPERATIONS 


Planing a right-angled corner. Diagram (1). ‘This type of shaping 
is well illustrated in the making of a toolmaker’s vise where there are two 
right angle corners at each end. ‘The tool used for this operation is 
ground to a profile angle of 80° to give clearance on both sides of a right- 
angled corner. The swivel head is set at zero and for the down feed, the 
rough cut is made with the horizontal edge of the tool cutting. The 
finish cut is made when the tool is fed upwards. It is very important 
that the apron swivel be swung to the right for the cut (AB), so that the 
tool lifts away from the vertical face on the return stroke. The hori- 
zontal face (BC) is rough machined in the direction (C) to (B) with 
the vertical face of the tool, then finish planed in the direction (B) to 
(C) with the horizontal face of the tool. 


Angular planing. Diagram (2). This is illustrated in a typical 
manner as when shaping a Vee block with an angle of 90°. If the Vee 
is cut from the solid metal, a slot is first cut with a parting tool after 
which the stock is roughed out using the horizontal feed. The apron 
swivel is set at 45° for the angular cut and the apron swivel is swung 
away from the face, being cut so that the tool will not lift into the face 
on the return stroke. The face is rough cut down to the angle as shown 
at (A), diagram (2), then the finish cut is made on the up stroke, as in 
diagram (8), after which the opposite side of the angle is similarly 
planed. 


Indexing and cutting serrations. Diagrams (4), (5) and (6). This 
operation is illustrated by serrating the steel jaws of a vise. The work is 
held in the shaper vise and the vise is swivelled to 45°. The cut of the 
tool is set to a suitable depth and the horizontal feed is controlled by the 
movement of the ratchet, which is in turn moved by the pawl (A), the 
amount of the feed being controlled by the off-set on the rocking lever 
(see book 1, pages 88 and 89). If the feed screw has 4 threads per 
inch and is a single thread and the ratchet has 50 teeth, a one-tooth feed 
would move the work .250”/50=.005”. If the pitch of the serrations were 
required to be .030”, then the pawl must engage every sixth tooth. Start 
the machine and the pawl will index the serrations automatically. When 
one angular cut is made all over the work, swing the vise at 45° in the 
opposite direction and repeat the operation as in diagram (6). 


Cutting a keyway on the end of a shaft. Diagram (7). The shaft is 
shown held in the vise diagram (8). A hole is previously drilled in the 
shaft in which the cut will finish. A tool is ground the correct width of 
the keyway and the stroke is set to terminate at the centre of the hole. 
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A smooth cut will be made if the tool bit is placed at the back of the 
holder at A, diagram (7), when the cutting edge is behind the last point 
of support B. Set the tool with paper as in enlarged diagram (8A). 
The depth of the cut will equal the finish depth of the sides of the key- 
way plus the depth of the arc of the shaft. This amount can be measured 
with the graduated dial and can be found by looking up the table in a 
data book. The keyway can also be cut direct and the depth at the sides 
of the keyway measured by trial. 


Cutting a keyway in the middle of a shaft. Diagram (9). The key- 
way has to be cut between two holes previously drilled in the shaft. 
The stroke of the machine must be set so that the front edge of the tool 
terminates on the centres of both holes. It will be necessary to grind 
clearance at the back of the tool, as shown, to prevent it striking against 
the shaft. If the clearance is ground on the angle, the tendency will be 
for the tool to lift easily if it touches the shaft on the return stroke. 


Cutting a keyway in a gear. Diagrams (10) and (11). The gear 
is held in the vise as shown and the tool bit is fastened in a bar held in 
a special tool holder. The bar should only extend from the holder a 
sufficient distance to clear the work when the stroke is set. The depth 
of the keyseat is measured by the graduated dial on the down feed from 
the point at which the tool bit first contacts with the work. 


Forming the edge of a rectangular block. Diagram (12). The form- 
ing tool is ground to suit the profile of the work, which is held pro- 
truding from the shaper vise. Smooth work will be produced if the tool 
bit is held at the back of a special spring planer tool similar to that shown 
in diagram (7). 


Planing a dovetail. Diagram (13). If the dovetail has an angle of 
60°, the swivel head will be set at that angle and the tool bit ground at 
50° for clearance. The apron swivel must be swung away from the face 
of the dovetail. The finish cut is made in the direction of the arrows 
A and B. 


Planing a tee slot. Diagrams (14) and (15). It is absolutely neces- 
sary in this operation to fit some form of a hinged lifter which will slide 
over the top surface of the work on the cutting stroke as at (B) dia- 
gram (15) and lift the tool entirely out of the slot (A), diagram (15) 
on the return stroke. The tee slot is first grooved as at (A) dotted dia- 
gram (14), then the teeslotting tool is fed into the work in the direction 
of the arrow (B) diagram (14). 
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SHAPER TOOLS 


Shaper tools include various types of tools, some forged from solid 
steel or tool bits ground to various shapes and used in various types of 
toolholders. In addition to these, one should be familiar with the various 
methods of holding down work on the shaper while it is being planed. 
The proper setting of the toolholder while cutting is important if good 
work is to be produced. 


Position of the toolholder. Diagram (1). The toolholder should be 
placed, if at all possible, in a position so that the cutting edge is not 
directly beneath the pivot point of the toolholder which is at the centre 
of the toolpost (A). It must be inclined slightly away from the direc- 
tion of the feed of the work (B) so that, if it turns under undue pres- 
sure, it can only turn away from the work, making it larger. If it were 
so placed that it inclined towards the direction of the feed, it might be 
turned into the work and make it too small. Due to this tendency of the 
tool to spring away from the work, chatter marks will be often avoided 
and a nice finish assured. 


The finish planing. Diagram (2). The tool bit will be placed at 
the back of the spring toolholder and the holder inclined as in diagram 
(1). When rough planing as shown in diagram (1), it is advisable to 
swing the apron swivel (C) slightly away from the direction of the 
feed so that on the return stroke the tool will lift away from the metal. 


Planing an undercut. Diagram (3). If the surface (AB) cannot 
be cut in any other but a horizontal position, it will be necessary to 
arrange the tool bit and toolholder as shown. If a cut were made in this 
position, as the tool returns, the clapper box would lift as the tool 
contacts at AB. If the tool lifted on the return stroke, it would of 
necessity lift into the work and damage it. In this case, therefore, it 
is necessary to lock the clapper box to prevent it from lifting. 


Holding down work to the table. Diagram 4. Thin work similar to 
that shown is held down by the pressure of a screw bunter (D), which fits 
into the tee slot of the table. The screw is at an angle of 10° and presses 
against the finger or toe dog (EH). The force (AB) acting at an angle has 
a vertical component (BC) which presses the work down to the table. 
In addition to this pressure on the work, a stop pin (F) fits into a hole 
in the table and acts as a stop on the end of the work. One can readily 
appreciate that both in holding down work and in grinding and putting 
the tool in the correct position, the forces acting upon the tool have a 
great deal to do with the successful operation of the shaper. 
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Finish planing steel. Diagram (5). The shear tool illustrated will 
produce a smooth mirror-like finish on mild steel or tool steel with a fine 
feed, fine depth of cut and a cutting compound. The line (AB) shows 
the shear angle which may be from 45° to 60° to the direction of the 
feed. The cutting angle of the tool is made slightly convex with about 7° 
clearance at the back of the cutting edge. 


Finish planing with narrow-faced tool. Diagram (6). The cutting 
edge of this tool, indicated by the line (AB) is slightly inclined to the 
horizontal and is narrow and straight and produces a nice finish on cast 
iron with a fine feed and fine depth of cut. 


Finish planing with broad-faced goose-neck tool. Diagram (7). This 
tool would chatter if it were not for the fact that the cutting edge is 
behind the last point of support and consequently the cutting edge tends 
to spring away from the metal. It is used with a fine depth of cut and a 
course feed on cast iron. 


General tool for rough planing. Diagrams (8), (9), (10), (11). 
This tool is shown cutting metal in diagram (8). The profile is shown 
in diagram (9) with just sufficient clearance to pass the finished surface. 
There is a good mass of metal behind the cutting edge to support it while 
cutting and to dissipate the heat. The round nose produces a smooth 
surface and gives greater strength and wearing quality to the point of 
the tool. The clearance behind the cutting edge is shown in diagram 
(10) usually about 7°. Diagram (11) shows the end view of the tool 
with side clearance and side rake which will vary with the different 
metals being cut. 
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QUESTIONS ON SHAPER WORK 


. Make a freehand sketch using a single line diagram to illustrate 


the Quick Return mechanism of a Crank Shaper. 


Illustrate by means of two freehand sketches, the location of the 
Crank Pin, Bull Gear and Vibrating arm for: (a) A short stroke, 
(b) A long stroke. 


Sketch two forms of fastenings for fastening the end of the vibrat- 
ing arm to the Ram Screw. 


Sketch the end of a vibrating arm showing a “floating fulcrum.” 
Why is this necessary ? 


Should work be placed near to the column of a shaper, or further 
away from the column? State why. 


When installing a shaper why is it necessary to watch that the 
drive pulley runs in the correct direction? 

What order of lever is the vibrating arm of a shaper? What advan- 
tages and disadvantages does this method of obtaining reciproca- 
tion from rotation have? 


Illustrate by means of a sketch a tool cutting a right angled corner. 
Show the position and direction of the tool for roughing and 
-finishing: (a) Vertical face of work, (0) Horizontal face of work. 
Illustrate by three sketches the method of cutting a vee groove 
for a vee block. Show the three stages of the work. 

If the swivel is set at 45° for an angular cut, how will the apron 
swivel be set? Why? 

If the horizontal feed screw of a shaper has four threads per inch, 
and the ratchet on it has fifty teeth, how many teeth will the 
ratchet move at one time to index serrations on the work of .015” 
pitch? 

How would you measure exact to .001” the depth of a keyway to be 
eut in a shaft? 

Sketch the best tool and show it in the best position, for cutting a 
smooth keyway. 


How must a tool bit be ground for cutting a sunk keyway between 
two drilled holes? 


Sketch the type of tool holder used to cut a keyseat in a gear blank. 


Why should the length and position of stroke be set before the 
tool enters the hole of the gear blank being cut as in question (15) ? 


What type of tool should be used when forming work held in a 
shaper ? 


Sketch a dovetail being cut showing the position of the tool and 
the direction of the horizontal and angular feeds. 


How is a tool set up for cutting a tee slot? Sketch the first and 
second stages of the cutting of a tee slot. 


PLANING IN THE SHAPER 87 





20. 


a4. 


22. 
23. 


24. 
20. 
26. 


27. 


Sketch the front view of a toolholder, showing the best position 
with regard to the tool post and the work, to prevent it from turn- 
ing into the surface of the work if it strikes a hard spot. 

Sketch the type of tool you would use for making an underent. 
What precautions are necessary for such a cut? 

Sketch a method of holding down thin work to the shaper table. 
How is the vertical force obtained in the hold-down illustrated in 
question (22) ? 

How is a smooth finish obtained when planing mild steel or tool 
steel? Sketch the type of tool used. 


What type of toolholder should be used if the tool bit has a broad 
eutting edge? 


Sketch three views of a shaper tool point for rough planing cast 
iron. 
What kind of surface is produced on cast iron (a) with a sharp 


point on the tool or (b) with a rounded point on the tool, when used 
with a fine feed? 


MILLING 
DIRECT AND PLAIN INDEXING 


Indexing with an index head offers one of the most important and 
most interesting operations on a milling machine. It is used for ac- 
curately spacing and dividing work, such as is necessary in cutting teeth 
on aspur gear, and in many other operations. It is a very positive form 
ef measuring device because the measuring is accomplished through very 
definite movements of a worm and worm gear and the fitting of a pin 
into holes. This is quite different from measuring with such tools as a 
tule, vernier, or micrometer, where sight and line-to-line reading is 
necessary for accurate results. 


Section of index head. (Brown and Sharpe). Diagram (1). The 
index head as a unit fits accurately at its base into the grooves of the tee 
slots of the milling machine table. This guarantees alignment with the 
table and the tailstock, which is similarly fitted. The spindle of the 
head° has a Brown and Sharpe tapered hole through it into which fits 
the live centre, and the nose of the spindle is threaded to receive a 
chuck or drive plate for the dog which is necessary to turn the work. 
Against the shoulder of the spindle there is fitted an index plate used for 
direct indexing. Inside the head a worm gear is keyed to the spindle and 
this worm gear has 40 teeth and meshes with a single threaded worm, 
which may be turned to disconnect the worm and worm gear when neces- 
sary. The index head may be swivelled so that the axis of the spindle may 
be set at an angle or in a vertical position. 


Direct indexing. Diagrams(1) and (2). This represents the 
simplest form of indexing, and can only be used for division of 24 or such 
numbers as 24 is a multiple of. A plunger pin operated by a lever (A) 
can be made to engage with holes in the index plate and locks the spindle 
positively when set. It is necessary to have the worm disconnected from 
the worm gear for this operation to allow the spindle to be moved by 
hand. Haample. 'To mill a hexagon, make one cut, turn spindle 4 spaces, 
mill next cut, ete. 24/64 (count spaces not holes). 


Plain indexing. Diagrams (3) and (4) show the necessary parts of 
the index head used for this operation, the other parts of the head have 
been left out to simplify the diagrams. 


Diagram (3) shows the front view of the worm and worm gear and 
diagram (4) the side view. 
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The index plate that the crank pin enters is held stationary while the 
crank rotates. This turns the worm and worm gear. For one revolution 
of the crank, the worm gear and index head spindle turns 1/40 of a 
revolution and this is the basis of all calculation. This ratio of rotation 
may be used for all divisions that 40 is a multiple of. 

A greater range of divisions may be obtained by using in con- 
junction with the worm and worm gear ratio accurately divided plates 
with the holes running concentric but varying in number. To keep a 
check of the number of holes used, two sector arms are set to mark the 
holes. Diagram (5). As before stated, spaces between the holes should 
be counted for any given number of divisions. 


Example. To divide work into 15 divisions. Diagram (5). 


AO: a OL A ee 
[Ener a 27% turns 
Select a circle of holes the number of which is a multiple of the 
denominator of the fraction. 18 is a multiple of 3. Now multiply the 


numerator and denominator of the fraction by 6. 


52 ao 7 i Set the sector to 12 spaces in 
: 3x6 “~ Pe SPSS an 1s hole cic 


To index for 15 divisions. Turn the crank 2 complete turns and 12 
spaces in an 18 hole circle; lock the spindle of the head and make the cut 
on the work. 

To index for degrees. Diagram (6). 40/360—=1/9 of a turn. Select 
an 18 hole circle, multiply numerator and denominator by 2 to make 

; L x2 2 
denominator equal to 18; e.g., G20 Ie turns. 


Turn crank to 2 spaces in an 18 hole circle for 1° division on work. 


MILLING 91 





THE PRINCIPLE OF INDEXING AND FLUTING A REAMER 


A reamer has its flutes spaced irregularly to avoid chattering. The 
teeth are even in number and the lands are placed diametrically op- 
posite so that the diameter can readily be measured with a micrometer. 
The purpose of this lesson is not to give specifications or tables for 
indexing reamers but to explain the principle underlying indexing when 
irregular flutes are required. 


Position of cutter in relation to the reamer blank. When a reamer 
blank is mounted on the centres of a milling machine, it is necessary to 
place the cutter so that the side that forms the cutting edge of the flute is 
radiating from the centre of the reamer, as shown in diagram (1). It 
is necessary to raise the table of the machine until the cutter is at the 
actual cutting position for depth, then place a small rule against the side 
of the cutter that forms the cutting edge of the flute, and observe that the 
rule points exactly towards the centre. 


Varied positions for different diameters of reamers. Diagram (2) 
shows clearly that a reamer blank is offset more for a large reamer than 
for a small one to satisfy radial conditions. 


Experiment (1). Ifa reamer were indexed as shown in Diagram (3) 
with all flutes of equal depth, it will be observed that the lands vary in 
size. This variation is due to the varying number of holes used when 
indexing and the land sizes are directly proportional to it. 


Correction of land sizes. If the lands were made equal by turning 
the reamer blank around, but stil! cutting to the same depth as shown 
in diagram (5), it is obvious that the index or turn made for this correc- 
tion would be an amount equal to the number of holes given to this 
spacing beyond that required for the smallest land spacing on the 
reamer blank. A. B. in diagram (3) shows a corrected land by turning 
the reamer around the required amount in the direction of the arrow C. 
If reference is made to diagrams (3) and (7) it will be seen that the 
index in holes for the correction of the land sizes equal to the small land 
shown by dotted line, is equal to the original difference in the index from 
that of the first land established, as shown in diagram (4) where the 
cuts are made in the order (1), (2), (3), (4). 

Regular index turns,—10 holes, gives the small land. Diagrams 
(3), (4), (7). 

Regular 4 turns, take 10 holes off to make it equal to the small land. 

Regular 4 turns—5 holes, take 5 holes off. 

Regular 4 turns+10 holes, take 20 holes off. 

Regular 4 turns-++5 holes, take 15 holes off. 
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Correcting land sizes by increasing depth of cut. Diagrams (6) and 
(8) show the usual method of cutting irregular flutes to produce equal 
lands by increasing the depth of cut when the lands are large. The table 
is raised in the direction of the arrow C. so that the cutter removes the 
metal required, leaving the land A. B. It can be seen that the depth 
increase will be of equal ratio to the turn around, or index increment, 
so that once a depth increase is found correct for the 4 turn—® hole index, 
the remainder will vary in the same proportion. 


Example. For a 4 turn—5 hole index, the increment depth cut is 
009” more than the depth cut of the smallest land indexed by 4 
turns—10 holes, therefore a 4 turn regular index would require an 
increase of .018”, a 4 turn + 10 an increase of .036”, a 4 turn + 5 an 
increase of .027”. See diagram (8). 
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SPIRAL MILLING 


Spiral milling is a very interesting operation and is used to cut 
spiral gears, to flute drills, ete. To do it intelligently, one should 
understand gear ratios thoroughly, and be able to solve the right angled 
triangle by trigonometry. As the cutter on the arbor of the machine 
rotates, the table of the machine is set at the required angle and passes 
the rotating cutter by means of the automatic feed. At the same time, 
the index head is geared to the table screw and rotates the work as it 
passes the cutter. 


Index head set up for spiral milling. Diagrams (1) and (2). The 
pin at the back of the index plate is taken out of the plate, allowing the 
plate to rotate and the crank pin is pushed into one of the holes of the 
plate, so that the crank turns with the plate. This in turn rotates the 
worm and worm gear as in plain indexing. 


Rate of rotation of index head spindle. This rate is governed by the 
ratio of the gears which connect the index plate with the table screw. If 
the ratio of the gears between the table screw and the index plate were 
1 to 1, the index plate would make 1 revolution for each revolution of the 
table screw. Since the worm and worm gear have a ratio of 40 to 1, the 
spindle would only rotate 1/40 of a turn for each revolution of the 
table screw. The table screw has 4 threads per inch and is a single 
thread, so that it must rotate 40 times to cause the index spindle to 
revolve once. If the screw makes 40 revolutions the table will move 
past the cutter a distance of 40/4 — 10”, because each revolution of the 
screw moves the table 14”. This movement of 10” for an equal geared 
set up forms the basis of all calculations for spirals of different lead. 


Machine equally geared for a 10” lead spiral. Diagram (1) and (2). 
If gear on screw has 30 teeth 
First gear on stud has 40 teeth 
Second gear on stud has 20 teeth 
Gear on worm has 60 teeth 
The worm will rotate once for each revolution of the screw, because 
30 x 40 = 20 x 60. 


To find gears for a given lead. It is required to cut a spiral with a 


36” lead. 
Required lead—=36” 


Lead of machine—10” 

Gear ratio equals 10 to 36 
Factorize 10—2x5 (drivers) 

and 36==38x 12 (followers) 
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: z a = . First pair of gears 
5x5 ==25 
12 xB = a Second pair of gears 


Gear on screw = 20 Dr; 
Ist Gear on stud = 25 ee 
2nd Gear on stud = 30 il 
Gear on worm = 60 Followers 
Proof 10” x 30 x 60 = Required lead x 20 x 25 
2 6 3 
' 18 x 36 x 60 
Lead = = =_ 386" 
20 x 2B 
B 
To cut right or left hand spiral. The set up in Diagrams (1) and (2) 
will produce a right hand spiral. Diagram (3) shows the same gear 
ratio with the inclusion of an idler gear. The effect of this idler will 
only be to change the direction of rotation of the worm, making it 
suitable for cutting a left hand spiral. 


Setting the table to the angle of the spiral. Diagram (4) shows the 
table swivelled to the angle of the spiral, which is right hand. For a 
right hand spiral the table is swung to the right and for a left hand 
spiral, it is swung to the left. 


To find the angle of the spiral. Diagrams (5) and (6). Diagram (5) 
shows a cylinder with the spiral line traced around it. If this were a 
piece of paper wrapped around the cylinder, when it was stretched out 
it would be as in diagram (6), a right angled triangle with the side 
opposite the angle equal to the circumference of the cylinder and the side 
adjacent equal to the length of the cylinder and the lead of the spiral. 


To find the angle of spiral, given diameter of work and lead. 


Example. Diameter of work 1”, lead of spiral 8.63”. Find angle of 
spiral (cireumference—=3.1416”). 


__ side opposite 
side adjacent 
3.1416” 


Tan of angle 


Tan of angle = 
Tan .3640 — 20° 


= .3640. 
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DIFFERENTIAL INDEXING (METHOD) 


Differential indexing makes it possible to obtain a greater number of 
divisions than can be obtained by “Rapid” or “Plain Indexing”. Owing 
to the fact that the gear on the worm is geared to the index head 
spindle gear, it is impossible to use this method of indexing for spiral 
work, because the worm would then be connected by gears to the table 
lead screw. 

Details of the index head set for differential indexing. Diagram (1). 
The freehand sketch in diagram (1) shows in skeleton form the gears, 
ete., used in differential indexing. This picture form of diagram is 
intended to simplify the mechanism and allow one to trace through the 
varying rotation from the index crank to index head spindle. The 
latch pin at the back of the index plate (E) is removed to allow the 
plate to rotate freely as in spiral cutting and indexing. Note. ( (A) 
shows the holes in the spindle plate used for rapid indexing). If the 
vrank pin (D) is pulled out from a hole in the plate (E) and the crank 
is rotated clockwise, a clockwise rotation is given direct to the worm 
(B), which has a right hand thread. As the worm (B) rotates, it turns 
the worm gear (C) away from the operator, and turns the index spindle 
in the same direction. 

At the end of the index spindle, a gear spindle (F) fits inside to a 
tapered seat, and carries a gear which connects through other gears 
to the gear on the worm (G). All these gears may be changed to vary the 
ratio and do not belong to the fixed mechanism of the index head. 

The spiral gear (1) receives the rotation from the gear on the worm 
shaft (G) and transmits the rotation at right angles to a second spiral 
gear (2), which is connected through a spindle to a spur gear (3) which 
meshes with a spur gear (4), which meshes with a spur gear (5), which 
is fastened to the sleeve (H), to which the index plate (E) is fixed. 
The index plate (E), sleeve (H) and gear (5) all rotate on the spindle 
which is turned by the crank, and which operates the worm directly. 

From the foregoing description, it can be seen that when the crank 
is turned, the index plate may rotate at any rate in the same direction or 
it may rotate at any rate in the opposite direction, according to the 
number of gears used, and their ratio. 

By tracing through the direction of rotation, in diagram (1), it will 
be seen that the index plate will rotate in an opposite direction to the 
rotation of the crank. This means that instead of the index pin 
meeting the proper hole for the index as in plain indexing, with the 
plate stationary, it will meet that position earlier, so that it will not 
be turned as much as in plain indexing, which means that it will index 
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for a greater number of divisions than that for which it is set, as figured 
for plain indexing. 

Diagrams (2) and (8) show the front and end elevations of the 
index head set up for differential indexing with an odd number of 
gears. If this rotation is traced through, it will be noted that the index 
plate rotates in the same direction as the crank when turned clockwise. 
This means that the crank pin must be turned further than would be 
necessary as in plain indexing with the plate stationary, because the 
plate now rotates with it and the crank must be turned more than usual 
for a number of divisions as for plain indexing to catch up to its proper 
hole. The effect of this will be to index for a smaller number of divis- 
ions than would be cut if the plate were stationary. 

Diagram (1) shows a compound train of gears being used with one 
idler; and Diagrams (2) and (3) show a simple train of gears being 
used with one idler. 
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DIFFERENTIAL INDEXING (CALCULATIONS) 


If an index head is geared up for differential indexing with the 
gears giving a ratio of 1 to 1, the index plate will make one revolution 
for each revolution of the index head spindle. It requires 40 turns of 
the crank to turn the spindle once. If the crank pin is located in a 
certain hole of the plate and the relation of the pin and the hole is ob- 
served, it will be found that when the plate turns in the same direction 
as the crank, the crank rotates 41 times to meet the hole, and turn the 
spindle once. If the plate turns in the opposite direction to the crank, 
it will be observed that the crank rotates 39 times to meet the hole, and 
turn the spindle once. ‘This relation is the principle applied in dif- 
ferential indexing. 


Example. It is required to index 233 divisions, which cannot be 
obtained by plain indexing. 


Solution. (1) Select a number near the required number, which 
could be obtained by plain indexing. Selected nwmber 240. 


(2) Find the difference between the selected number and the re- 
quired divisions. (240—233—7). This number represents the number 
of divisions which must be lost in one revolution of the spindle (because 
the plate rotates with the crank). 


(3) Arrange a fraction with the numerator equal to the number 
used as in plain indexing, and the denominator equal to the number of 
divisions which are to be lost. Hxample—240. 


Divide this fraction by 40 7 


6 
240 _ 40 240. 1 246 6 Follower 
Examples a * “p-Siy  aias 9360 7 driver 
a 


This fraction 6/7 equals the gear ratio, the numerator (6) repre- 
senting the gear on the worm and the denominator (7) representing the 
gear on the spindle. (Select gears 48 and 56, ratio 6 to 7). 


(4) The gear on the worm and the gear on the spindle must turn 
in the same direction when less divisions are required and in opposite 
directions if more divisions are required. In the example given, less 
divisions are required (233 is less than 240) ; therefore the gear on the 
worm and the gear on the spindle must rotate in the same direction. 
To accomplish this an idler must be used. Diagram (8). 
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To find index for 233 divisions. Diagrams (2) and (1). 
(1) Index for 240 divisions as in plain indexing. 
Diagram (1). 
1 


. 40 
Ratio 740 = 6 


(2) Select an 18 hole circle. 

1x3 _ 3 (spaces) 

6x3 18 (hole circle) 
(3) Index for 240—8 spaces in an 18 hole circle. 
(4) Decrease this by simple gearing to 233 divisions. 

Diagram (2). 
: 6x8 48 gear on worm 
Gene eRe ae le 7x8 56 gear on spindle 
Connect up with an idler as shown in Diagram (3). 


Differential indexing using a compound gear train. Question. Index 
for 257 divisions (diagram 5). Solution. Select 245 divisions as for 
plain indexing (diagram 4). 

8 


Oo _ 8 : i 
6 = 19 Index 8 spaces in a 49 hole circle 


Difference between selected number and required divisions: 
257—245—12 (divisions to be gained). 


49 
945 40 245 1 243 49 


e T RW" oe eee 
96 

49 Tax 7 28x56 = followers 
G6  .Mse> 48x64 drivers 

Set up gears as shown in diagram (6) with idler to give opposite 
rotation to the index plate compared to the clockwise rotation of the 
index crank (diagram 5), so that the required hole comes to meet the 
index pin to give a lesser index, and a correspondingly greater number 
of divisions. 


Factorize. 


= 


£0. 
Et. 
| 12. 
KS 
14. 
15. 


16. 
V7. 


hs. 
19. 


20. 
21. 
22. 


23. 
24. 
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QUESTIONS ON MILLING 


Explain the difference between “Direct” and “Plain Indexing”. 
What divisions can be indexed by “Direct Indexing ?” 


Can all divisions be obtained by “Plain Indexing?” What other 
method of indexing can be used? 


Make a freehand sketch of the mechanism used for “Plain Index- 
ing.” What is the ratio of this mechanism ? 
Should the Index plate be locked or free to rotate when :—Plain 
Indexing? When must it be free to rotate? 


What must be done to the Plain Indexing mechanism before rapid 
indexing can be carried out? 


Why is it necessary to use the “Sector Arms” when plain indexing? 


How many turns of the crank will be used to index 17 divisions 
on work? What will the sector arms be set at? 


How would you index for 28° on work? 

Sketch an end view of a reamer being cut on a milling machine, 
showing the position of the cutter with regard to the work. 
Why is it necessary to cut a reamer by indexing with an irregular 
number of holes? 

State two methods by which the lands of an irregularly spaced 
reamer could be made equal in size. 

Tabulate the indexing of a reamer having 10 flutes with cutting 
edges diametrically opposite and irregularly indexed. 


Sketch the end view of a reamer showing the cutting of the first 
four flutes; number each flute in the order in which it is cut. 


How would you find the depth increment for correcting the land 
sizes of an irregularly cut reamer? 


Describe the set up of a milling machine to cut a spiral gear. 
What is the basis of calculations for the gear ratios when spiral 
milling ? 

Sketch a right hand spiral. 


Is the table turned clockwise or counterclockwise to cut a right 
hand spiral? 

Sketch the stretchout of a spiral showing the circumference, lead 
of spiral, and the angle to which the table is swivelled. 

Describe the movements of the mechanism of an Index Head set 
up for differential indexing. 

What do the change gears of a differential “set up” on an index head 
effect ? 

Why is differential indexing necessary ? 

If the change gears on a differential index “set up” have a 1 to 1 
ratio, how many turns will the index plate and spindle each make 
to each revolution of the crank? 


104 


MACHINE SHOP PRACTICE 





20. 


26. 
27. 


If the crank pin of an index head is located in a certain hole, 
how many times must the crank be turned to turn the spindle 
round once (a) when the plate rotates in the same direction as 
the crank? (b) when the plate rotates in the opposite direction to 
the crank? 

How is the gear ratio for differential indexing found? 

In what direction must the gear on the worm and the gear on the 
spindle rotate: 

(a) When less divisions than the selected number are required? 
(b) When more divisions than the selected number are required? 
Note :—For questions on the mathematics of milling, see mathematics 
section. 


GRINDING 
ABRASIVES USED IN GRINDING AND POLISHING 


Abrasives have been used for centuries for sharpening tools and 
shaping metal, but most of the development in manufacture and use 
of abrasives has occurred during the last forty years. Such companies 
as the “Norton Grinding Company” and the “Carborundum Company” 
have done much to develop modern grinding in industry. These com- 
panies have given freely of their knowledge and by writing to them, 
students can obtain a full line of literature which will be of great 
assistance to them in understanding the grinding field. 


Classes of Abrasives. Abrasives may be classified into two main 
divisions. (a) Natural abrasives; (b) Artificial abrasives. 


Sandstone, emery and corundum are natural abrasives; that is, they 
are found ready made in the earth. The old familiar grindstone, made 
by forming the wheel from sandstone rock and mounting on a spindle, 
will be remembered by many. It is much softer than our modern 
abrasives and is not regular in hardness, which causes it to wear un- 
evenly and therefore wears out of shape. 


Emery contains approximately 50% to 60% crystalline aluminum 
oxide, and most of the remainder is iron oxide. 


Corundum contains approximately 75% to 90% crystalline aluminum 
oxide, and is harder than emery. 

Natural abrasives vary considerably in quality so that artificial 
abrasives are mostly used to-day because they can be produced with even 
quality and temper; but natural abrasives are still preferred for some 
few operations. 


Artificial abrasives may be divided into two main groups. 
(1) Aluminum oxide abrasives. 
(2) Silicon Carbide abrasives. 


Aluminum oxide abrasives are sold under various trade names. The 
Norton Company calls their abrasive of this type “Alundum” and the 
Carborundum Company calls theirs “Aloxite” and other companies have 
other trade names under which this abrasive is sold. 

This abrasive is made chiefly from a raw material called “Bauxite” 
a mineral found in Arkansas, U.S. A. The principal content of Bauxite 
is Aluminum oxide combined with water and oxides of iron. 

The Bauxite is melted in the electric furnace and produces a very 
hard substance similar in properties to Emery and Corundum but more 
uniform in grade. 


Aluminum oxide abrasives vary in color, they are usually brown, but 
other types are made white or gray in color. The crystals vary in size 
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in the mass, some being as large as one quarter of an inch to one inch in 
diameter. They are not as hard as Silicon Carbide abrasive but are much 
tougher. This abrasive is used for metals that are tough or hard and 
have great tensile strength. 

The method of manufacture can be used to control the temper of the 
abrasive required, to suit various classes of work to be ground. The 
abrasive grains are prepared by breaking up the mass of abrasive 
erystals so that the grains are fragments of the original crystals and are 
screened to obtain various sizes of the grains. 


Silicon carbide is sold under various trade names. It is called 
“Crystolon” by the Norton Company, and “Carborundum “by the 
Carborundum Company. 

Silicon carbide is composed chiefly of the elements Silica (sand), 
and carbon, and is made from the following ingredients: coke, sand, 
sawdust and salt. It is made in the electric furnace and is very 
erystalline, having a greenish blue color and is iridescent in mass form. 
The erystals are much harder than aluminum oxide abrasives, but very 
brittle. When the crystals break, they present an angular form with 
sharp cutting edges. It is found a very suitable abrasive for grinding 
metals or materials of low tensile strength such as cast iron, brass, 
bronze, aluminum, marble, ete. 


The properties of an abrasive. An abrasive is a tool with a cutting 
edge the same as other cutting tools and is able to cut away materials 
which are softer than itself. The abrasive has a hardness which 
allows it to cut metals, and a toughness which allows it to hold to- 
gether under the strain of cutting. The abrasive when broken under 
strain breaks with a fracture that provides other cutting edges. Arti- 
ficial abrasives can be made with varying temper, which means that the 
strength of the abrasive may be varied, to break up during a light load 
of cutting or a heavy load, this deals with the abrasive itself and not 
the bond which holds the abrasive grains together in a grinding wheel. 


Manufacturing grinding wheels. If some abrasive grains are ex- 
amined with the object of imagining how these grains may be held 
together to hold to some definite shape, one can visualise the similarity of 
the problem of a child building sand eastles. 'The child finds that wet 
sand holds together better than dry sand, in other words the water be- 
comes the bond to hold the particles together. 

Abrasive grains have to be held together to form grinding wheels 
and stones of various shapes. When one realises that these wheels run 
at a peripheral speed of 5,000 to 6,000 ft. per minute it is easy to see that 
the bond must be strong, to prevent the wheels from flying apart. The 
making of wheels with abrasive grain is essentially a potter’s job, using 
as he does various clays, ete., to form the bonding material to shape the 
mass of the wheel form. 


The processes of wheel manufacture are: Vitrified, Silicate, Blastic 
and Vuleanized or rubber. 
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The vitrified process uses a bond of flux and clay mixed with the 
abrasive and fused at high temperature in an electric furnace. The 
clays and fluxes and water are mixed with the abrasive to a muddy con- 
sistency and run into molds. 

After setting to the form of the mold it is turned into a wheel form 
to the correct size and shape then baked and afterwards placed in the 
electric furnace at about 3,000°F for about 100 hrs. which causes the 
clay to be vitrified into a hard glassy-like bond which has porosity, but 
holds the abrasive erain firmly together. Approximately 80% of all 
grinding wheels are made by the vitrified process. 

Porosity is an important thing in grinding wheels as it allows room 
for the chips of metal removed when grinding, and makes the wheels 
free cutting. 


Grade of the wheel is dependent upon the bond. There are many 
combinations of clays used to determine the grade of the wheel, and 
finer grade distinctions depend upon the quantity of bond. Most 
grading is done by hand, and requires considerable experience on the 
part of a grader. 

The grading tool is like a short screwdriver with a sharp thin edge 
which is pushed against the wheel face and turned slightly to test the 
resistance offered by the wheel. 
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Grade Table (Norton Company) 


Bond Very soft Soft Medium Hard Very hard 
(1) Vitrified E.F.G, H.1.J.K. L.M.N.O. P.Ofesabe U.W.Z. 
(2) Silicate 
(3) Elastic % 1, 1%, 2 2%, 3, 4 5, 6,7 
(4) Rubber i. oF U. W.. Zi 


Grade Table (Carborundum Company) 


Bond Very soft Soft Medium Hard Very hard 
(1) Vitrified WVU: Tabak ON. M.L.K.J.1. H.G.F. E.D. 
(2) Silicate W.YV.U. TS. lvee Ou. M.L.K.J.I H.G.F, ED. 
(3) Shellac 10 9.8.7.6. 54.8. Dole 
(4) Redmanol LT 26,15 14184121 10,9,8,7,6 5,4,3 

F.E. D.C.B. 


Standard Grain Sizes (Carborundum Company) 
for Carborundum and aloxite 


Powders Powders 
Very Coarse Coarse Medium Fine Very fine commercial Micros- 


grading copic 
grading 
6 12 30 70 150 FE, 280 
8 14 36 80 180 KE 320 
10 16 40 90 220 Br, 400 
' 20 50 100 240 500 
e 24 60 120 600 
Processes of wheel manufacture 
Vitrified Silicate Elastic Rubber 
1. Porous-free cutting. 1. Not free cutting. 1. Not so porous. 1. Hard, tough 
2. Bond-hard, strong. 2. Bond-Silicate of 2. Bond-Shellac. 2. Bond- 

3. Uniform—no soft spots. soda. 8. Thin wheels may Rubber. 
4. Not affected by acids, 8. Hard and soft spots be used. 3. Very thin 
water, oils, heat, cold. may occur. 4, Pressed into wheels. 

5. Made in Electric fur- 4. Molded and baked molds—bakied 4, Sheets of 


nace at (3,000 F.) for ‘ low heat. (500 F.) few hours 300 F. rubber and 


100 hrs. . Safe. 5. Process rapid. abrasive 
§. No Elasticity. 6. Wheels made any 6. Wheels can be grain in 
7. Used for % of all size or on iron made on iron layers then 
grinding. backs or wire backs. “died out” 
webbing. 7. Good for brass. and 
vulcanized. 


ee 
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PROFILE OF LATHE TOOLS 


This lesson is one of a series dealing with some of the particular 
features underlying the science and art of tool grinding. If an operator 
understands the effect of various shapes and angles on the work being 
machined, he will grind tools more intelligently. The tendency to-day 
is to have all tool grinding done by an operator on a special tool 
grinding machine using standard shapes and pre-determined angles, but 
there are many shops where it may be necessary for workmen to grind 
their own tools, and the basic principles presented here and in other 
lessons to follow are offered as fundamental guides. 


The shape or profile of the tool is illustrated in the adjacent diagrams, 
and various considerations will be presented dealing with the shape of 
the top face of the tool, showing the effect it has on its efficiency as a 
eutting instrument. Diagrams (1A) and (1B) show two different tools 
doing the same work, with equal depth of cut and equal feed. The 
tool (1A) takes less time to grind than tool (1B) because less metal is 
removed. The tool point in (1A) is supported by more metal than tool 
(1B): therefore it is obvious that under the chip pressure when the 
friction generates heat it will be carried away from the cutting edge 
by the mass of metal behind it, thus dissipating or using it up and 
keeping the tool comparatively cool. 

Tool (1B) has a weak point with very little support, and owing to 
the metal being ground off as shown by the dotted line it will not dis- 
sipate the heat as well as tool (1A) so that the point heats up quickly 
and soon requires regrinding. 


Diagrams (2A) and (2B) show two tools turning cast iron which has 
a hard skin. ‘The shaded portions in each case show the area of the 
tool under the pressure of the hard skin. Tool (2A) has less wear on 
the cutting edge because of the lessened area in contact; therefore it 
will last longer than tool (2B). The point being the weakest part of the 
tool should always cut beyond the skin into the soft metal beneath, as 
shown in the sketches. 


Diagrams (3A) and (3B) show two tools cutting at equal depth, with 
equal feed. The round-nosed tool will produce smoother work than the 
pointed tool because the chip removed is gradually tapered off. The 
arrows in each case show the direction of the chip pressure. Tool (3A) 
is under greater pressure than tool (3B), because in addition to the 
ordinary chip pressure the chip is distorted so that extra work is re- 
quired to do this. Tool (3B) produces a chip which is a smooth band of 
metal that comes from the work freely so that the advantage is with the 
tool with a straight cutting edge. 
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Diagrams (4A) and (4B) illustrate the effect of chip pressure on the 
work due to the angle of the cutting face. A triangle of forces is illus- 
trated in each case; the hypotenuse of the triangle is the resultant force 
of the chip pressure. If it is broken up into its horizontal and vertical 
components it will be noted that tool (4A) has less reactive force 
(tending to push the work away) than tool (4B). Therefore it can be 
assumed that for slender work, likely to spring, a tool similar to tool 
(4A) should be used. Tool (4B) will wear longer than tool (4A) be- 
cause the chip pressure is distributed over a greater cutting edge, but 
owing to the angle of the cutting face it is only suitable for heavy work. 


Conclusions: 

(1) When grinding a tool do not remove more metal than is abso- 
lutely necessary. 

(2) A tool with a rounded point produces smoother work than one 
with a sharp point. 

(3) Cut the skin of cast iron with the cutting face of the tool almost 
at right angles to it, and keep the point of the tool beneath the skin in the 
soft metal. 

(4) A straight-edged tool cuts more easily than a round-edged tool. 

(5) The angle of the cutting face depends upon the diameter of 
the work. 
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CLEARANCE AND RAKE | 


This lesson deals particularly with the effect of grinding angles 
on the tool bit which are commonly known as side clearance, front 
clearance, front rake and side rake. It is not necessary for every tool 
to have all such angles ground on them, but the fundamental principles 
introduced here will help to give a grinding operator some direction as to 
the purpose of such angles, when to use them, and their influence on the 
efficiency of the tool. 


Side clearance: Diagram (1) shows a tool with a side clearance of 
6°, which has been proved to be ample for turning work at ordinary 
feeds. As long as the side face of the tool does not rub against the work 
it will be most effective when the clearance angle is as small as possible. 
By comparing diagram (1) with diagram (3) it will be seen that a shaper 
tool has a similar clearance, the difference being that the lathe tool has 
a clearance on the angle of the work being cut, due to the rate of feed, 
while the shaper tool clearance is only such as to clear a straight edge 
parallel to the direction of the progress of the tool. Diagram (2) shows 
a tool with too much clearance, which causes weakness in the tool with a 
tendency to dig into the work beyond the rate of the feed, probably 
causing a chattered surface on the work. 


Front clearance: The shaper tool in Diagram (6) requires about 
6° or 7° to prevent it from rubbing the work and overheating the tool 
so that the lathe tool which cuts a receding surface of the work does not 
require a clearance that is too great. The position of the height of the 
tool with regard to the centre of the work is important. Diagrams (4) and 
(5) show two tools placed at 5° above the centre of the work, which 
is about the best position for the usual clearance angles to give the best 
results. The front edge of the tool should be tangent to the finished 
diameter of the work being machined, as shown in diagram (4). Diagram 
(5) shows a tool with a clearance that is too great. This tool does not 
give sufficient support to the cutting edge and tends to dig into the work, 
as drawn by the dotted line. 


Front rake has many influences on the cutting action of the tool. 
First, it provides a natural passage for the chip. [t therefore influences 
the shape and pressure of the chips as they leave the work. Second, too 
much rake weakens the cutting edge, which may cause the tool to lose its 
keeness. A tool with rake requires less power than one without rake. 
Third, as the chip rubs on the tool face, it exerts a pressure on it and the 
influence of the pressure either tends to pull the tool into the work or to 
push it away from the work. Brass has a natural tendency to draw tools 
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into itself, therefore the top face should have a negative rake, as shown 
in diagram (7). The line A. B. represents the horizontal component of 
the force due to chip pressure on the face, which tends to push the tool 
away and keep it from drawing into the work. 

Diagrams (7), (8) and (9) show 8 tools, each suitable for cutting 
different kinds of metal. Soft and tenacious metals, like very soft steel 
require a keen rake. Metals tough and difficult to cut, like tool steels and 
most alloy steels, require very little rake. The rake varies with the 
extreme nature of metals. Very few metals, including most brasses and 
chilled cast iron, require no rake at all. 

Diagram (8) shows a tool with no front rake. It is suitable for 
cast iron and some of the steels. Diagram (9) shows the influence of 
front rake. When metal resists penetration but is not too brittle, the 
chip pressure tends to assist the tool to penetrate the work, as shown by 
the horizontal component C. D. of the chip pressure on the top face of 
the tool. 


Side rake provides a passage for the chip as the tool progresses, due 
to the effect of the feed. What has been said about front rake applies 
equally well to side rake. Diagrams (10), (11) and (12) show varying 
degrees of side rake which may be given to tools, according to the kind of 
metal being cut. The side rake relieves the pressure on the tool at the ex- 
pense of the strength of the tool. Tool (10) would be used for soft metal, 
tool (11) for medium hard metal and tool (12) for very hard metal. 
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CUTTING ANGLES 


The two common types of lathe tools are the solid or forged type 
and the tool bit and toolholder type. The solid tool, which is shaped 
from one piece of steel, is rigid and dissipates heat well because of its 
bulk as compared to the tool bit and toolholder. The tool bit and tool- 
holder, however, tend towards economy of high speed steel and offer 
possibilities of using many-shaped cutters in the toolholder. 


The toolholder, as illustrated, provides an inclination for the tool bit 
and also a front rake equal to the angle of the slot in the toolholder, 
which is usually 15°. The inclined slot also offers a method of raising 
the height of the cutting edge in addition to the usual method provided 
by the rocker in the base of the toolpost. 


The tool bit is made of the various brands of high speed steel, or 
possibly “Stellite” or “Tungsten Carbide”, and is sold in suitable lengths 
with the ends cut at an angle to save time in grinding for clearance. 
Cemented Tungsten Carbide is very expensive and a small piece of this 
metal is brazed to a steel tool bit to form the cutting edge. It is important 
to remember, when grinding a tool-bit, that it will be held at an angle 
when in use in the toolholder, therefore this angle must be allowed for 
when reckoning the front clearance and front rake. The side clearance 
and side rake are the same as for a solid tool because the inclination in the 
toolholder does not affect these angles. The upper left diagram shows a 
tool bit as it would rest on a block for testing its angles. It will be seen 
that the 30° front clearance, when placed in its used position as shown 
in top right diagram, becomes a 15° front clearance. Similarly no front 
rake in the left horizontal diagram becomes a 15° front rake in its used 
angular position. 


Side clearance: The six central diagrams show that the side clear- 
ance for the cutters for various metals is the same. The reason for this 
is that side clearance is chiefly governed by the rate of feed; and 6° 
has been proved to be ample for ordinary feeds. If the tool does not rub 
the work the side clearance is satisfactory. Too much side clearance 
weakens the tool, does not offer sufficient support to the cutting edge 
and lessens the heat-dissipating ability of the tool. 


Solid tools: The six left diagrams show typical tools for various 
metals. As a general rule, the cutting angle is less for soft metals and 
more:for hard metals (brass is an exception). The most important 
angles in any tool are front rake and side rake as they affect the chip 
pressure and the ability of the tool to do its work with the least strain 
and still preserve its cutting edge. 
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The solid tool is rectangular in section while the tool bit is square 
in section, so that it is obvious that for heavy cutting the solid tool is 
superior to the tool bit. The solid tool which is forged to shape has its 
drawbacks, because when it is worn it is necessary for it to be re-forgea 
and hardened and tempered. 


Tool bits are provided already hardened and only need grinding to 
the shape required. It is not wise to grind below the top edge of the 
tool more than is necessary, because if the top is continually ground 
it will be necessary to grind off the whole of the ground lip of the tool 
and re-grind a new point. When re-sharpening a tool bit, be careful to 
grind the front to provide a keen edge so that the top face is not ground 
down too low and thus prevent grinding off the whole point through 
careless handling. 


Clearances: The clearances illustrated in the diagrams are the 
minimum for standard shop tools ground by a trained grinder, or 
ground on an automatic grinding machine. If workmen grind their own 
tools, unless they have experience in that operation, it is far safer for 
them to increase the clearances rather than decrease them. Some work- 
men grind angles by looking at them without gauges of any kind 
and for this guessing method side clearance angles for example would 
be better nearer 10° than 6°. 


Front clearance varies, of course, with height setting of the tool. The 
higher the point is set with regard to the centre of the work the less the 
relative clearance angle will be. The front clearance should be sufficient 
so that no other part but the cutting edge touches the work. Its other 
influence is that it helps to govern the cutting angle of the tool, thus 
influencing the support to the cutting edge. 
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THE THEORY OF CUTTING 


This lesson is intended to present considerations of how cutting occurs 
in turning work. The work rotates past a stationary tool, the point of 
which is set for a depth cut and the tool is forced by the feed mechanism 
to progress in a line parallel to the axis of the work in rotation. The 
questions one might ask are: “Just what does the tool do?” “How is 
the chip removed?” “What influence does the chip removal have on 
the work itself and on the tool that removes it?” 


An elementary conception of cutting generally is that a wedge is 
being forced into material to split it apart. This is wholly true of some 
tools and only partly true of others. One can see the similarity between 
knives, scissors, lawn mowers, razors, wood planes and wood chisels, 
axes, metal lathe tools, planer tools and milling cutters. The shape be- 
hind each cutting edge, whether used stationary or in rotation, is 
primarily a wedge, but all do not act as wedges. A knife cutting a piece 
of wood has both sides of the knife blade in contact with the material, 
one side bearing against the body of the wood and the other side forcing 
the chip or shaving away. 

If reference is now made to the enlarged drawing, it will be ob- 
served that the front edge of the tool does not and should not bear 
against the metal at all. The point or extreme edge of the tool does 
have contact with the metal, and the function of this contact is chiefly 
to scrape and cut the surface of the metal after rupture, and clean up all 
the torn particles of metal thus leaving the metal with a smooth surface. 
The big work of the tool in the removal of the chip occurs on the lip of the 
tool just back of the cutting edge, as shown by the pressure area in the 
diagram. There is no true wedge action at all; the metal is forced by 
rotation against an inclined surface of a hard steel tool and the chip is 
removed by a pressing, tearing or shearing action. After the separation 
has begun, the crowding action of the metal on to the surface of the tool 
shears the chip into sections, and the shape of the chip depends upon 
the angle and shape of the top surface of the tool. 

It will be noticed that the chip thickness is greater than the thickness 
of the layer being removed, as shown by (T) in the top diagram. This 
is due to the piling up action of the metal as it resists removal and the 
piling up stops when the metal “slips” or shears into sections. 

A lever action enters into the chip removal to some extent. As the 
chip starts to strike the top surface of the tool as shown by the pressure 
area, the metal covering the pressure area becomes a metallic lever, pry- 
ing off other metal remaining on the body of the work being turned, and 
this action goes on continuously. | 
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Referring to the two central diagrams, it will be noted that the chip 
pressure for soft metal bears on a greater surface of the tool than the chip 
pressure for a hard metal. Anyone who has sheared soft steel and hard 
steel knows that very little of hard steel is actually cut in shearing, the 
remainder suddenly gives way; while with a soft metal the cutting edge 
enters much further before the metal breaks away. This action is shown 
in the diagram; the hard steel section shears quickly and is consequently 
thinner than the soft steel shear sections of the chip. 

If a tool is ground with a flat top for front rake, it will be ob- 
served that the metal does not slide away freely from the cutting edge, 
but tends to bite into the metal and wear a curved surface upon it. It 
is therefore obvious that the passing chip wants an easy passage and tries 
to make one for itself by wearing the top face into a curved form. This 
condition holds good for both front rake and side rake, as shown in the 
two lower diagrams. 

In conclusion, it would appear that a chip is torn away from metai 
in rotation at a point slightly above the actual point of the tool, and this 
tearing action leaves the surface of the work rough and jagged; but as it 
comes past the point the irregularities are pushed and scraped off and the 
surface of the metal passes the tool compa-atively smooth. 
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FEATURES OF SPECIAL TOOLS 


The previous lessons have illustrated the effect of the various grinding 
angles of a tool. Some fundamental facts have been proved and it has 
been ascertained that there are many contrary elements to deal with in 
relation to tool grinding. 

It is the purpose of this lesson to show that tools designed for a 
particular kind of work do not possess all the grinding angles already 
mentioned, but only such angles as will assist the tool in doing its work 
effectively in cutting certain kinds of metal. 


Turning brass: Diagram (1). The cutting angles, clearance angles 
and rake angles of a brass tool are shown in diagram (7), lesson (2), 
page 112, and in lesson (3), page 117. This diagram (1) shows the 
profile of a brass tool, which is all important if good work is to be pro- 
duced. If an ordinary tool were used to turn brass, it would have quite 
a large cutting edge in contact with the metal, such as is shown in diagram 
(2). The effect of the great amount of contact with the metal would be 
to produce a surface on the work which might be termed “wavy”, and it 
is then difficult to produce a smooth surface. To avoid this the tool edge 
in contact with the metal is kept very small, so that only a small amount 
of metal is operated on and the tool in relation to the work is very stiff 
and does not give to the cut. 


Pulling in action on a tool when stopped in its feed is illustrated in 
diagram (2). This action is very prominent when the tool has a very 
round nose, giving a large amount of cutting edge in contact with the 
work. The two arrows show that there is a pinching action between the 
work and the tool, which tends to draw the tool into the work and reduce 
the diameter in the form of a groove. 


Diagram (3) shows the best round-nosed tool for ordinary turning. 
The cutting edge has a mean angle of about 20° with the tool bit. This 
does not cause undue spring of the work, and has a small round nose 
to produce a smooth finish. 


The parting tool is usually a troublesome tool to use. Most parting 
tools used now consist of a high speed blade held in a special holder. 
This blade has no back clearance from the cutting edge, but has side 
clearance, as shown in diagram (5). Ifa parting tool is ground from an 
ordinary tool bit, as shown in diagram (4), it is advisable to give it a 
slight back clearance from the cutting edge to make it cut cool and free 
from the rubbing the sides of the cut. The parting tool should be set 
exactly on centre for two reasons. First, to cut the bar clear through, 
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the front of the cutting edge must be on the centre of the stock, and 
second, if the tool is pressed down under the chip pressure, it presses 
away from the work, whereas if it were above centre it would be pressed 
down into the work—(Diagram 6). 


Squaring work on centres: The tool required for this operation must 
be less in profile angle than 60° to enable it to do its work. Instead of 
having one long cutting edge it is better to have a shorter cutting edge 
to give less contact with the work, as a long cutting edge often causes a 
chattered surface on the work. 


Smooth turning to shoulders: This tool is shown in the cutting 
position in diagram (8) and enlarged in diagram (9). The two flats 
A and B are at right angles to each other and the point of the tool is 
slightly rounded to produce smooth work both on the turned portion and 
on the squared shoulder. 


Spotting before drilling in the lathe: When work is held in the chuck, 
it is necessary to obtain a small conic recess in the work, to provide a 
starting point for the drill, to prevent it springing off the centre of 
rotation of the work. The tool ground for this work must have an 
exceptional front clearance to allow the cutting edge only to do its work. 
The cutting edge is naturally weak, but this cannot be avoided conse- 
quently light cuts must be taken. A combination drill may be used 
in place of this tool. Diagram (11) shows the relative angles of the 
drill point and the conic recess made by the spotting tool. This clear- ~ 
ance shown keeps the drill working towards the point of least resistance, 
which is the centre of the work. 


Boring tools, Diagram (12). A tool working inside a hole must have 
more front clearance than a tool working on the outside of a cylinder, 
because the curvature of the hole is approaching the tool, whereas in 
ordinary turning the curvature of the work is away from the tool. 
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THE TOOL AND THE CHIP 


It is the purpose of this lesson to show that the form of the top face 
of a tool is the deciding factor in the shape of the chip produced. Most 
lathe operators have experienced the inconvenience caused by having 
long stringy chips wrap around their work. The trouble taken in re- 
moving such entanglements is an annoyance and causes a distinct 
loss of time and is generally inefficient. 

The aim in grinding tool bits from the standpoint of the type of chip 
removed, should be to so grind the tool that the top face provides as easy 
passage for the chip and yet curls it in a convenient form, or better 
still curls it and breaks it up so that it will drop clear of the rotating 
work. 


Diagram (1) shows the worst type of chip, a long stringy chip that 
comes away freely but in a long string and becomes entangled in the 
work. The reason for this is shown by the section of the tool taken 
along the line of the chip passage. The chip passes over a surface that 
offers free movement in its natural direction as it leaves the work. 


Diagram (2) shows a tool with the lip shorter than in Diagram (1) 
and the section shows that the chip is forced to follow the curvature of 
the lip. The shape of the lip is therefore expressed in the chip and it 
is rolled up. If the cut is heavy, the effect of the forcing action of the lip 
shape exerts a rolling or breaking action on the chip sufficient to 
sever or crack it, and it breaks off in short curled sections. 


Diagram (3) shows a tool with very little side rake and practically 
flat on the top. This tool will heat up much more than the one shown 
in diagram (2), because it offers more resistance to the chip. The 
resistance meets the chip just as it leaves the work, and the lip is so 
abrupt that it forces the chip upwards, and this tendency rolls the chip 
and breaks it into small sections. 


Diagram (4) and (5) show the plan and elevation of a shaper tool, 
finish-planing cast iron. Diagram (6) shows an enlarged detail of the 
front face of the tool. This lip is curved slightly to give the chip an 
easy passage to reduce the chip pressure, although a light cut is taken. 
If this tool bit is used in a special planer tool holder, as shown in 
diagram (8), it will be noticed that the cutting edge is behind the last 
point of support of the tool holder at (A) and in consequence the tool 
springs away from the work and produces a smooth finish. 


Diagram (7) shows a roughing tool and a finishing tool used on the 
lathe. The finishing tool has a comparatively broad nose in contact with 
the work and should be used with a coarse feed. There is great danger of 
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chatter with this type of tool because of the length of the contact be- 
tween the cutting edge and the work. If the serrations caused by the 
roughing tool are only cut out with a light cut and the top face of the 
tool is lipped, smooth work will result. A toolholder similar to that shown 
in diagram (11) heips considerably in obtaining a smooth finish, be- 
cause like the planer tool in diagram (8), it springs away from the work 
and does not dig in and cause chatter marks. The toolholder is designed 
on the goose neck principle and the point (A), being the weakest point, 
becomes the pivot point when the tool is under pressure at the cutting 
edge, 


Diagrams (9) and (10) show the side view of a tool and the tool at 
work finish-planing wrought iron or steel. The tool works with a shear 
action and rolls the thin chip in a long closely packed shaving. The 
work is left bright and smooth, so different from the rough planing 
with an ordinary tool when the surface, due to its fibrous nature, is torn 
up, producing a rough serrated surface. (Use cutting compound). 


Diagrams (12) and (13) show two parting tool blades at work. The 
flat top tool seems to break the chip unduly, giving considerable chip 
pressure, while the tool in (13) relieves the pressure by providing an 
easier passage for the chip and rolls the chip up and breaks it off in 
short coils. The drawback to lipping the tool in this way is that unless 
care is exercised, a negative rake will develop through careless lip- 
grinding, or the tool is ground down too low and wedges itself in the cut 
because the top edge is thicker than the cut made by the cutting edge 
when ground too low. 
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This lesson introduces the various tools used in turret lathes and 
automatic screw machines. The same principles apply here as in previous 
lessons on tool grinding, but the setting of the tool in its relative posi- 
tion with the work plays an important part. It is very necessary to-day 
for a mechanic to understand how to tool up a machine so that parts 
may be produced by unskilled operators rapidly and be of good quality. 


The position of the tool bit or blade. Diagram (1) shows a tangential 
blade and diagram (2) a radial blade similar to those used on an 
ordinary lathe. The tangential blade has the advantage over the radial 
blade because it is easier to adjust when reducing the diameter of work, 
and the body of the cutter is in direct support of the cutting edge as it 
meets the resistance of the chip. 

In diagram (1) the end of the tool is ground to give the rake to the 
tool and the tool is inclined to give the side clearance, whereas in dia- 
gram (2) both side clearance and side rake must be ground on the tool. 


Balance turning tools: Diagrams (3), (4) and (5) show three dif- 
ferent views of a balance turning tool. The two biades are clamped by 
two set screws in a balance turning toolholder so that they operate on 
opposite sides of the work, each tool reducing the diameter of the stock 
in steps, as shown in diagram (3), while diagram (4) shows the share 
each tool is taking in reducing the diameter of the stock. Diagram (5) 
shows how the blades are inclined in the holder to give suitable side 
clearance, while the right angle side of the tool cuts to a square shoulder 
at the cutting edge. 


Hollow mills are illustrated in Diagrams (6), (7) and (8). They 
are also balance turning tools, but have three cutting edges and are 
made of a solid piece of steel. Diagram (6) shows a hollow mill suit- 
able for brass. It will be noticed that the cutting face has no rake, while 
the hollow mill in diagram (8) has a front rake and is used for re- 
ducing iron and steel. | 

Hollow mills are used for rough turning only, to reduce rapidly the 
diameter of stock. They are very suitable for slender work, as the work 
when reduced passes through the mill and is supported while the cutting 
continues. The hole in a hollow mill is tapered, being slightly larger on 
the inside to prevent it rubbing the work. The cutting edges, it will be 
noticed by looking at diagram (7), are not radial, but are parallel to the 
radii and in advance of the centre line, as shown in diagram (8), so 
that as the edges are ground when being sharpened they will still cut 
effectively until the centre line is reached. It is preferable to have the 
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work bevelled slightly, a little smaller than the hole in the mill so that it 
will enter the mill and be cut true on centre. The cutting edges on the 
inside of the mill are bevelled at 45° to receive the work. 


Cutting tool with back rest: V type and roller back rests are used 
to support the work while being turned. They bear against the finished 
surface of the work and therefore follow the tool as it cuts. Both sides 
of the V rest should be hard and smooth and should bear with equal 
pressure on the work to prevent the work from being forced out of line. 
The angle (A) of the tool in diagram (9) gives the side rake, angle (B) 
the side clearance, and angle (C) the front rake. 


Circular forming tools of a type shown in Diagram (11) may be used 
to form work to required shape or for cutting off purposes. The form 
required on the work is cut on a circular disc of steel and a notch is cut 
into it, as shown, to provide a cutting edge and can be ground to 
sharpen the edge without changing the form. Diagram (12) shows a 
screw being formed by a circular forming tool and being finish-formed 
and cut off by the circular forming and cutting off tool. Forming tools 
of this type are held by a cap screw through the centre of the dise while 
a hook bolt clamps the dise to the holder to prevent it from turning 
under the chip pressure. 


The skiving tool is illustrated at work forming a piece of stock in 
diagrams (13 and 14). It is a tool that is rarely used and is intended 
for forming brass or other soft material, where a wide form is required 
that runs down to a small diameter, making the work comparatively 
weak to resist the cutting action of the tool. The top face of the cutter 
is formed and passes the rotating metal, as shown, leaving it the same 
form as itself. The tool is pointed at the end so that the cutting 
action may be gradual. The last point of support near the chuck is 
cut last so that it is strong enough to support the metal while the part 
away from the chuck is being formed. 
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GRINDING 


Name 3 natural abrasives. What defects do natural abrasives often 
possess ? 

What do at least 2 natural abrasives consist of ? 

What are the 2 main classes of artificial abrasives? What materials 
are each suitable for grinding? 

Give at least 2 trade names for each of 2 artificial abrasives. 
What is each of 2 artificial abrasives made from? Where are the 
materials found? 

What is the function of a bond? What bonds are commonly used? 
What are the 4 chief processes of wheel manufacture? 

Why is Porosity in a grinding wheel necessary? 

What is it that varies the grade of a grinding wheel? How is it 
tested ? 

Give details of any manufacturer’s Grade Scale. 

How are the grain sizes obtained? How do you select the grain size 
for certain kinds of work? 

Give the particular features of wheels made by at least 3 distinct 
processes of wheel manufacture. 

Give approximate ratings of the following grain sizes: (a) Very 
coarse, (b) Coarse, (c) Medium, (d) Fine, (e) Very fine. 

Give approximate ratings of the following grades, (a) Norton, 
(b) Carborundum; (1) Soft, (2) Very soft, (3) Medium, (4) Hard, 
(5) Very hard. 

Sketch 3 views of a tool bit, and show the following angles. Front 
and side clearance and side cutting angle. Front and side rake 
and front cutting angle. Profile. 

Sketch the profile of an ideal tool for rough turning with the 
following advantages: (a) Small amount of metal removed when 
ground, (b) Rigid, (ce) Will dissipate heat from the cutting edge, 
(d) Will leave the surface of the work smooth. 

Illustrate the profile of a lathe tool cutting the rough skin from 
Cast Iron. 

Which tool receives the greatest chip pressure, (a) A round-nosed 
profile, (b) A straight-edged profile? Depth of cut and feed being 
equal, 

Sketch the profile of a tool for cutting (a) Slender work, (b) Heavy 
work. Show the effect of the forces acting on the tools. 

What is it that governs the amount of side clearance a lathe tool 
should have? 

Illustrate with a sketch the end view of a piece of work being 
turned, showing the height of the tool and the proper front 
clearance. 

If a Shaper tool had too much clearance what ae would it have 
on the tool, and on the work? 
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24. 
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32. 


33. 


34. 
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36. 


37. 
38. 


39. 


40. 


41. 


42. 
43. 


44, 


45. 
46, 


47. 


When is front rake necessary and when unnecessary ? 

What is the effect of chip pressure on (a) a negative and (b) a 
positive front rake? 

What is the effect of: (a) Too muth side rake? (b) Not enough side 
rake? 

State the advantages and disadvantages of: (a) a solid forged tool, 
(b) a tool bit and toolholder. 

Sketch a common type of toolholder showing the angles on the 
tool bit as usually supplied. 

Sketch a solid tool for turning: (a) Soft Steel, (b) Hard Steel, (c) 
Brass. 

Sketch a tool bit in its regular position as held in a toolholder 
for turning: (a) Chilled Iron, (b) Cast Iron, (¢) Medium Hard 
Steel. 

Illustrate by means of an enlarged sketch a tool removing a chip 
from a piece of work in the lathe. Show the important features 
of the separation of the metal from the work. 

Why should the edge of a tool be stoned to a keen cutting edge? 
Which tool cuts work in the lathe with the least resistance to the 
chip; a straight topped tool, or a lipped tool? State reasons why. 
Sketch a chip from: (a) Soft Steel, (b) Hard Steel, showing tool 
and work. 

Draw the profile of a tool suitable for turning brass. 

Sketch 3 views of a parting tool ground from a tool bit, show its 
position in relation to work on the lathe. 

Sketch an enlarged profile of a tool suitable for turning work 
smooth to a shoulder. 

Sketgh 2 views of spotting tool. 

If a drill is to follow a spotting tool, sketch in section the conic 
recess made by the spotting tool, and the drill point in position. 
What influences are brought to bear on a boring tool set in the 
following positions: (a) above centre, (b) on centre, (c) below cen- 
tre? Which is correct? 

Sketch lathe tools turning machine steel: (a) One that produces 
long stringy chips, (b) One that produces continuous curly chips, 
(c) One that breaks up the chips into short lengths. 

Sketch a finish tool: (a) For turning Cast Iron, (b) For planing 
Cast Iron, (c) For planing Steel. 

Sketch a goose neck or spring tool for: (a) A Shaper, (b) Lathe. 
Sketch a tangent tool and a radial tool used for turning on turret 
lathes. 

Sketch an end view of a circular forming tool and show its rela- 
tion to the work being turned. 

Sketch a turning tool in operation on work held against a back rest. 
Make a sketch in section of a hollow mill reducing a bar of stock in 
the lathe. 

When is a skiving tool used in forming work in the lathe? 
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Gear ratio. Diagram (1) shows a gear driving a pinion. The effect 
of this drive will be two-fold. 

(1) It will change the direction of rotation because there are only 
two gears in mesh. 

(2) It will change the number of revolutions per minute, in pro- 
portion to the number of teeth in the mating gears. 

If the gear has 90 teeth and the pinion 30 teeth, it will be necessary 
for the pinion to rotate 3 times before the gear makes one complete 
revolution. 


The gear ratio is the ratio of the number of teeth in the mating gears 
and governs the relative rotation of the driver and follower. Since the 
mating gears must have the same diametral pitch, it is obvious that 
their diameters are also proportional in the same ratio as the number 
of the teeth. 


Example: Let S = speed of driver. 
and s = speed of follower. 
Let N = number of teeth in driver. 
and n = number of teeth in follower. 
Ther § XN ==9 x: n, 
If the driver gear with 90 teeth makes 100 R.P.M. Find speed of 
follower gear with 30 teeth. 


- 


Solution: Speed of driver X number of teeth — speed a follower 
X number of teeth, orS X N=sxn. 


3 
i.e. 100 X 90=s X 30. Therefore s = 100 x $0 
The speed of the driver and follower is inversely proportional to the 
number of teeth in the gears, so that since the ratio is 3 to 1 the follower 
will go 3 times as fast as the driver—3 X 100 = 300 R.P.M. 


Diagram (2) shows a simple train of gears. 

What is the influence of the idler gears? 

Speed of driver X number of teeth in all drivers = speed of fol- 
lower X number of teeth in all followers. 

There are 4 drivers and 4 followers. ThereforeS X NXNXNX 
N=sk nz i x Xn, 

If the speed of the first driver is 100 R.P.M. what is the speed of the 


last follower? 100 90X 40X 60 X 50=sxX 30 X BO X BOX 46 


3 
s= 100 x 99 s= 300R.P.M. 


Bo 
132 
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From the above equation it can be seen that the idlers do not affect 
the ratio. Their only function is to connect the gears, and since they 
make an odd number in the train they do not change the direction of 
rotation of driver and follower. 


- Simple train on lathe. The ratio of a simple train on a lathe is 
usually not greater than 1 to 5, because the centre distance as shown in 
diagram (3) limits the ratio. 


Note. We will assume in this lesson that the spindle and stud have 
a ratio of 1 to 1. 

How many threads will be cut on work between centres if the lead 
screw is 8 P. and the lathe is geared as shown in diagram (4). Threads 
on work X driver = Threads on lead screw X follower. 


5 
Therefore T x 20 = 8 x 100, T=8x< 100 .. T= 40. 
20 


Note. The idler only connects the gears. Its effect on the rotation 
of the lead screw can be changed by the reverse gears. For right hand 
threads the tool moves towards the live spindle. For left hand threads 
away from the spindle. 


Compound train on lathe. When the ratio of threads on lead screw 
to threads on work is greater than 1 to 5, a compound train must be used. 
(Diagram 6). 


Diagrams (5) and (6). What number of threads will be cut on work 
between centres if the lead screw is 4 pitch and the lathe is geared as 
shown? T x 20 x 50 = 4x 100 x 80. 


2 4 
Therefore T = 4X 1066 & 8@ oe T =32 


20 X BO 


A dividing gear, diagram (8), is a double gear used in a compound 
train and has usually 100 teeth and 50 teeth, or a ratio of 2 to 1. It is 
obvious if this is used as in diagram (7) the final ratio will be double that 
of the first and last gear. 20 to 80 — 1 to 4, with dividing gear this be- 
comes 1 to 8, so that if there are 4 threads on the lead screw, the threads 
on the work will be 4 x 8 = 82 threads. 





A translating gear is a double gear with 50 and 127 teeth, which is 
the relation between 1 in. and 1 em. It is used on a lathe with a lead 
screw with so many threads per in. to produce so many threads per em. 
on work between centres according to the ratio of the other gears in the 
train. 
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GEARING FOR THREADS 


A lathe operator should understand how to gear up his lathe to cut 
threads. Lathes are usually provided with a chart or index plate, showing 
the gears to use for cutting threads, and this chart gives the operator a 
list of the gear numbers provided with the machine. It is well to note 
what the gear increment, progression, or constant is, as some lathes have a 
4 increment and some a 5. This is not rigidly followed, because by 
varying the numbers slightly, greater combinations may be made with 
a minimum number of gears. 


Question 1. Work out suitable gears for a lathe with an 8 p (8 pitch) 
or (8 threads per inch) lead screw, to cut 18 threads per inch on work 
between centres. See diagrams (1), (2) and (8). 


Note. Spindle and stud ratio 1 to 1, 18 threads on work and 8 
threads on lead screw. 

Ratio 9 to 4 (divide 18 and 8 by 2). 

Multiply each by some number to make the lowest number not less 
than 24 because it is the smallest gear in the set provided. 

; = ; a a The two gears required. 

Now where shall the gears be placed? 

To cut finer threads than the lead screw, the lead screw must turn 
slower than the spindle, so that the large gear goes on the lead screw 
and the smaller one on the stud. This ratio of 9 to 4 being less than 1 
to 5 is asimple train, so an idler is used to connect them, see diagram (1). 


Question 2. Work out a suitable train of gears to cut 32 thread per 
inch on work between centres, when the lead screw is 6 P. 

Note: Ratio 6 to 32 is greater than 1 to 5, therefore a compound 
train would be used. 


Method (1). 32 threads on work and 6 threads on lead screw. 
Ratio 6 to 32 or 3 to 16. 


Factorize. 6—=(3) =x (2) 
and 32=—-(8)x(4) 

Multiply each pair by some number to give numbers that may be 
found in the set without duplication, as there is usually only one pair of 
gears of the same number available in a set. 

- (3x8 = 24) - (2x 20 = 40) 
Ist pair (Gx g es, 2nd pair (4 x 20 — 80) 
Because the threads on the work are finer than those on the lead 
screw, the small number of each pair will be the driver and the larger 
number of each pair the follower. 


To apply to Diagram (4) : 


A = 24 teeth—driver. 
B=] 64 “ = follower. 
C= 40 “ -<=driver. 
D = 80 ~*~ ==follower. 
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To prove work. Threads on work x all drivers, equals threads on 
lead screw x all followers. 


4 2 16 
Tx 24x 46x= 6x 0x G4. 
T—2x16. 

a ee 


Method 2. Rapid method by using a 2 to 1, Dividing gear in the 
compound train. 


Example: 32 threads on work. 
Gare “ lead screw. 
The Dividing gear cuts this 6 to 32 ratio in half so that it now 
becomes 6 to 16. 
6 x 4 = 24 first driver. 


16 x 4 64 last follower. 
Applying the gears to Diagram (4) 

A = 24 teeth. 

- na en < } Dividing gear. 

De abe es 


Use of idler in compound train as shown in Diagram (4). This be- 
comes necessary when the gear on the lead screw is so small that it could 
not engage with the small gear on the adjustable stud, without the large 
gear on the adjustable stud rubbing the lead screw. 


Gearing up a lathe when the spindle and stud gears are not a ratio 
of 1 to 1. (See Diagram (7). Before gearing a lathe of this kind, it 
is necessary to know the lead number of the machine. 


Lead number. Is the number of threads that can be cut on the 
machine with equal gears on stud and lead screw. In diagram (7) the 
lead number of the lathe would be 2/1 x 4 = 8, the lead number be- 
cause it takes 2 turns of the spindle, before the lead screw turns once 
if it is equally geared on stud and lead screws. 


Question 3. Find the gears to cut 24 thds. per inch on work if the 
lead screw is 4 pitch and the lead of the machine is 8. (Gear constant 4). 
Ratio of threads on work to lead of machine 24 to 8 = 8 to 1. 
Multiply 3 and 1 by a suitable number which is a multiple of 4 to give 
gears less than 100 teeth 
3 x 24—72 Follower D (diagram 7). 
1 x 24—24 Driver C (diagram 7). 


Proof :—(Start at spindle, not stud). 
Threads on work x A x C = Threads on lead screw x Dx B. 


Tx2x24=4x72x 49 
oo 


” T=4x72x4@ 


20 x 24 
T=24 
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PROBLEMS ON THE SQUARE AND CIRCLE 


Question. Diagram (1): 
What is the largest square shank that can be milled on a screw or 
tap 1144” diameter ? 


Rule: Size of square = Diameter x .7071. 
2 == 1,250"x .7071. 
ce ce “ rae 884” 
Question. Diagram (2): 
If a hole has to be drilled to receive a nut, what is the distance across 
the corners of the nut if the distance across the flats is 114” (square 
nut for 34” bolt) ? 


Rule: The diagonal of a square equals the side of a square 
multiplied by 1.414. 

Distance across the corners when 114” across the flats == 1.5” x 1.414 
== 2.121” across corners. 

Question. Diagram (3): 

What must be the diameter of round stock so that a square bolt head 
2” across flats may be machined from it? 
; size of square. 

1071 

or 

> oT 
6 19 “ce e — 2.828” 

Question. Diagrams (4), (5) and (6). 

What is the bore of a single cast iron pipe to equal the total area of 
two cast iron pipes 8” and 6” bore? 


Rule. Diameter of round stock == 


6 66 6 6 


Take a steel square, as in diagram (6), and if 8” is marked off on 
one blade and 6” on the other and then the hypotenuse of the triangle is 
measured, it will be found to be 10”. This distance is the diameter of 
the bore required to equal the area of the two pipes. 


Rule: In a right-angled triangle the square on the hypotenuse equals 
the square on the other two sides. Similarly, circles whose diameters 
are in the same ratio as the sides of a right-angled triangle will have 
areas in proportion. 

Question. Diagram (7): 

What will the outside diameter of a gear blank be, when turned for 
a 10-pitch gear with 28 teeth? 

Rule: Divide the Oe teeth plus 2 by the diametral pitch. — 


a0 Outside diameter = 37’. 





Outside diameter —= 
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Question. Diagram (8) : 
What index will be used on the index head of a milling machine to 
cut 28 teeth on a gear blank? 
Note: Brown and Sharpe plates have numbers 
set (1) 15, 16,: 17, 18, 19) 20; 
“ (@) 21, 28, 27, 29, 31, 33; 
“ (8) 87, 39, 41, 43, 47, 49. 
Ratio of worm and worm gear in index head 40 to 1. 
Rule: Divide 40 by the number of teeth in the gear to be cut. 


40 12 3 
Index ss 33. 98 = 17 


this is 1 turn of crank and : of a turn. 


Select holes in plate a multiple of 7. Holes in plate selected = 49. 
Index = 1 turn and 21 holes in a 49 circle. 
5 eee 


1X 7 “49 


——s 


/ ’ ; 3. Bes 9 
If a 21 circle is selected Index = T3038 
Index = 1 turn and 9 holes in a 21 cirele. 
Note: If holes in plate cannot be found, gearing must be used in 
addition to the index plate. This is known as differential indexing. 
Question. Diagram (9) : 
Find the outside diameter of a gear wheel, when only a broken sec- 
tion of the gear wheel is available. 
Rule: In a circle CD:CB as CB:CE. Apply this to the problem 
given. CE x 1.5” = 6.375” x 6.375”. 
Therefore CH= 6.375” x 6.375”. 
pas 
Therefore CE = 27.093”. 
Outside Diameter —= CE + CD. 
re me == 27.098? == 1”, 
== 28.593. 
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INTRODUCTION TO APPLIED TRIGONOMETRY 


The elementary principles of trigonometry will be found to be of 
great help to a workman when applied to practical problems. They 
will permit him to work to a great degree of accuracy and assist him 
to work out a speedy solution to a problem. ‘Trigonometry treats of 
the properties of triangles, and enables one to find the dimensions of all 
the angles and sides of a triangle when those of only some are known. 


Experiment: If a hinged rule were taken, as in diagrams (1), (2) 
and (3), and the side AB gradually rotated about the hinge A, while AD 
remains horizontal and BC vertical, it will readily be observed that as the 
angle B A D increases so B E increases in length and A E decreases in 
length, at the same time the angle ABC decreases in size. This ex- 
periment proves conclusively that there is a definite relation between the 
sides of the triangle and the angles of the triangle. 


There are several functions that determine the value of the re- 
spective angles and the lines by which the angles are formed. The most 
important functions are shown in diagram (4). They are the sine, 
cosine, tangent and co-tangent. 


In reference to the table of functions used in trigonometry it must 
be understood that the values given are based on angles calculated in a 
circle 1” radius. 


In diagram (4) BC is the sine of the angle 60° and equals .86603”. 
AC is the cosine of the angle and equals .5”. DE is the tangent of the 
angle and equals 1.73205”. IG is the cotangent of the angle and equals 
.57735”. These values are constant for 1” radius and a 60° angle. 


Diagrams (5) and (6) show the names of the sides used for a given 
angle. The long side is always the hypotenuse. The side next to the 
angle is the side adjacent, and the third side is the side opposite. The 
following formulas can then be supplied: 


: side opp. 
(1) Sine = “i. 
(2) Cosine = Sao 
(3) Tangent = soa 
(4) Cotangent = ee 
(5) Hyp. = sige od ce sitet 
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Question. Three holes have to be located in a die block, as shown 
in diagram (7). What is the exact centre distance between the other 
holes? 

The centre lines of the holes form a right-angled triangle ABC. 

Solution for distance BC would be found from the tangent for a 25 
degree angle; this is .46631. 

side opp. == side adj. x tangent. 
BC = 2.25” x .46631 = 1.049”. 
For the length AC, the solution is as follows: 
side adj. 
BDL e Ce cosine. 
2.25” 
Therefore AC = 00031 

Question. Twenty holes are required to be equally spaced on a circle 
18” in diameter. What distance must the divider points be set to step off 
the hole centres? The enlarged drawing, diagram (8), shows the two 
radii AO, and BO and the chord AB, which it is required to find. As 
there are 20 holes in the circle, the angle formed by the two radii OA and 


360 

oe — og 

Therefore angle COB = Y degrees. 

In the right-angled triangle OCB the angle COB and hyp. BO are 
known. 

Find CB:—Side opp. CB = Hyp. x sine. CB = 9” x .1564 = 
1.4076”. 

Set divider 2 x 1.4076” — 2.8152”. 

Question: Find the distance across the two cutting edges nearest to 
the centre of a 114” reamer with 15 teeth. See diagram (9). 

A and B represent two cutting edges of the reamer opposite a 


cutting edge C. The centre angle AOB = aa = 24°. To find length 


of side opp. DB, or 1% the chord AB equals the sine of 14 centre angle 
multiplied by radius. DB = sine of 12° or .2079 x .75” = .1559”, 


side opp. _.1559” = elbb9” 
The chord BC are ee Ce The chord 
BC = 1.492”, 


This is .008” less than if the teeth where diametrically opposite. 


= 2.4826”. 





=: 18 degrees. 
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PROBLEMS IN TRIGONOMETRY 


Problem Diagram (1). A piece of machine steel must be turned 4” 
long, 1” diameter at the small end with a taper of 5° with the axis of 
the work. What will the diameter of the large end be? 

In the right-angled triangle ABO the side AO must be found. The 
adjacent side AB is given, 4”. The angle ABO is given 5°. 
side opp. 
side adj. 

Tan of 5° = .08749. Therefore side opp. = .08749 x 4” == .34996”. 
Dis, D.O, == 1” 4. 2 x 84996" == 1.690927: 

Problem Diagram (2). To find the diameter across the sides of a 
regular polygon. A screw 214” diameter must have 6 equal sides milled 
on its end. What will be the distance across the flats? 


° 
The angle AOB = 269” = 60°. Therefore the angle COB = 30°. 
In the right-angled triangle COB, the angle COB = 30°. BO = 
150 ‘Cos, of 80° S=:.86600: Woy == ee 


hyp. 
adjacent = hyp. xX cosine. 

Dide adj. OC == 1.2507 x 86603 == 1.08258”, 

Diameter == 2.x 1.08253” == 2.165067. 

Rule. To obtain the diameter across the sides of a regular polygon 
when the diameter across the corners is given. Multiply the cosine of 
the angle obtained by 360° divided by twice the number of sides, by the 
diameter across the corners, and the product will be the diameter across 
the sides. 

Application to problem diagram (2). 


> x 2.5” == cos. 30° x 2.5” == 86603 


Tan == Therefore side opp. == Tan x side adj. 


Therefore side 





Diameter across sides = cos. 


20 == 21650". 
Problem Diagram (3). A piece of steel must be milled with a 
hexagonal end 114” across the flats or sides. What diameter must 
the piece be turned to? 


The angle AOB = _ Therefore the angle COB = 30°. 
In the right-angled triangle COB, angle COB = 30° and the side adj. 
co = 1 = 750”. Cosine of 30° = .86603. Cosine —= Side 2d). 
: ide adj. 1 750 bis 
__ side adj. hyp. == .7507 — 
Therefore hyp. = ae 36603 = .8660”, 


Diameter == 2 x .8660” == 1.73207. 
Rule. In a regular polygon, when the diameter across the sides 
and the number of sides are given, to find the diameter across the 
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corners, divide the distance across the sides by the cosine of (180° 
divided by the number of sides) and the quotient will be the distance 
across the corners. 

Application to problem in Diagram (3). 








15 
Distance across corners == eos. 180° — 1.5 
6 cos. 30°. 
Distance across corners == a = 1.7320”. 
.86603 


Problem Diagram (4). An angle of 17° 30’ is required for a 
template. The side opp. OA is therefore to be found. The tan of 
17° 30’ = .81580” when AB is 1”. Enlarge to 4 times the size to get 
more accurate results. 

Multiply the side adj. AB and side opp. OA by 4. 

side adj. = 1” x 4 — 4”. side opp. = .31530” x 4 = 1.2612”. 

To lay out angle. Draw AB 4” long and OA at right angles to 
AB 1.262” long. Join OB, then angle OBA = 17° 30’. 

The use of the Sine Bar. Diagram (5). A sine bar is an ac- 
curately made instrument consisting of a ground bar with two ground 
pins or plugs protruding from one side. It is used for measuring angles 
accurately and for locating work accurately to a precise angle. The 
pins or plugs are of the same diameter and are located in parallel align- 
ment to the edge of the bar. The centre to centre distance of the plugs 
is usually 10” for simplicity in figuring. The dotted right-angled 
triangle shows that the hypotenuse AO = 10” and the side opp. OB = 
the difference in height of the two plugs. To set sine bar for an angle 
of 42° 30’ find length of side opp. which is OB. Sine of 42° 30’ = 
.67559. Now multiply the sine by 10”, the distance between the plug 
centres, 10” x .67559 == 6.7559”. Adjust the sine bar with a vernier 
height gauge so that if the lower plug is 2.250” high, the top plug 
will be 2.250” + 6.7559”==9.0059” high. The tool is now ready to test 
work for an angle of 42° 30’. 

To measure angle of work. Set the sine bar accurately to fit the 
work. Measure the height of each plug and find the difference in the 
height. Example: Difference in height 6.7559”. Divide 6.7559” by 
10 = .67559”. The angle for .67559 is found from the tables of sines 
to be 42° 30’. 
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PROBLEMS IN APPLIED TRIGONOMETRY 


Problem Diagram (1): A piece of tool steel must be turned to the 
dimensions given, while being held in the chuck of a lathe. What 
angle will the compound slide rest be set at with the lathe alignment? 

The angle ACB in the right-angled triangle, ABC is required. This 
is the angle the outside of the work makes with the axis of the work. 





: : : ; 0” — 125” 
Given side adj. = 2.5”. Side opp. = ee met 875". 
Beg os ORS a are. 


side adj. 2.0” 

From the tables of tangents the angle.for .075 = 4° 17’. The com- 
pound rest is set at 4° 17’ with the lathe alignment, to produce the work 
in diagram (1). 

Problem Diagram (2): A socket must be bored out on a lathe to the 
dimensions given. What is the angle ABC so that a taper attachment 


ean be used to give the required taper, if BC = 3”? 
.725” — .600” 
In the triangle ABC side adj. = 3” and side opp. AC ee 


bee ” __ side opp. 106257 
0625"... Tan ads a oe 
From tables of tangents the angle for .02088 = 1° 12’. This angle 


will be set on the angle graduation on the taper attachment. 


Problem Diagram (3): A piece of cast iron must be recessed while 
being held in the chuck of a lathe. From the given drawing find the 
diameter D so that the angle may be checked by measurement. The 
beveled face of the recess forms the hyp. of a right angled triangle with 


= .02083. 





side opp. 


side adj. 8”. Find side opp. when the angle is 20°. Tan = side 2di. 


Therfore side opp. = tan x side adj. side opp. = tan 20° x 3”. Side 
opp. —.36397 x 3” = 1.0919”. Dia D = 4” 4+ (2 x 1.0919”). 
D = 6.1838”. 

Problem Diagram (4). A flange for a grinder is mounted on a 
mandrel between the centres of a lathe. From the given dimensions 
find at what angle to set the compound rest, to produce the beveled edge. 
In the right angle triangle, angle A is to be found. Given side adj. = 
1144” and side opp. = 1”. 

Tan == ee ep SPP. an = ee .3333. from tables of tangents -= 
side adj. ales 
18° 26’ angle A. 

Problem Diagram (5). What angle will the compound rest of a 

lathe be set at to produce an angular recess to the dimensions given? In 
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6” — 5” 
the right angled triangle side adj. == 2”. Side opp. —= ———— 
= 14”. Find angle A. 2 

7 y 
Tan. of A eR aM = .250. From tables of tangents .250 


side adj. 2’ 
== 14° 2 angle A. 
Problem Diagram (6). A round bar of steel is to be milled to pro- 
duce a face 134” long. What will be the angle of inclination of the axis 
of the shaft? Triangle ABC represents the piece removed by milling. 


Given. Hyp. AC = 134”. Side opp. BC = 1”. Find angle BAC. 
Sine = Side opp. ___1” _ 57148. From table of sines .57143 
hyp. Visa: 
== 34° 51’ angle BAC. 

Problem Diagram (7). What angle will the table of a milling ma- 
chine be set at to mill a spiral to the dimensions given? Given. dia of 
work, 1,250”, and lead of spiral 10”. Circumference of work — 3.1416 
x 1.250”. Circumference == 3.927” == side opp. Side adj~—— 107. 

_. Side opp. . 3.9277. = 
lan== fica 3927, 
- From table of tangents 3927 = 21° 26’. Table is set at angle 
oh 20". 

Problem Diagram (8). What dimension will the dividers be set at 
from a vernier caliper to lay off the chordal measurement on a circle 
5’ dia., which is laid out on a flange to locate 5 holes to be equally 
spaced on the circle? The distance BA is required. First find DA 
which is one-half BA and is the side opp. in the right-angled triangle 
ADC. AC is the radius of circle 214” and is the hyp. of the triangle. 

360° 3 ‘ side opp. 
Angle ACD = Or 36°. Sime == ie. 

Therefore side opp. = sine x hyp. Sine of 36° = .58779. Side opp. 
= .08779 x 2.5” == 1.46947”. BA = twice side opp. DA = 2 x 1.46947” 
== 2.93894”, 
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MATHEMATICS 


If a 70 tooth gear drives a 40 tooth pinion, show that the speed 
of the driver is inversely proportional to the speed of the fol- 
lower pinion. 


In a simple gear drive, 4 gears are used, having 95, 20, 50 and 30 
teeth respectively. If the 95 tooth gear is the driver, show by an 
equation that only the first and last gear affects the ratio of the 
train. 


Work out a train of gears for a lathe to cut 10 threads per inch 
if the lead screw has 4 threads per inch (gear increment 5). 


What gears will be used on a lathe to cut 1114 threads per inch if 
the lead screw is 4 pitch? (gear increment 4). 


Work out a train of gears for a lathe to cut 32 threads per inch 
with a 4 pitch lead screw (gear increment 5). 
Work out a train of gears for a lathe to cut 36 threads per inch 


with a 6 pitch lead screw, and a 2 to 1 dividing gear (gear incre- 
ment 4). 


7. Work out gears for a lathe to cut 8 threads per centimetre with a 


tO 


ER, 


12. 


13. 


14, 


16. 


i 


lead screw 4 threads per inch. A 50,127 translating gear is pro- 
vided. Sketch the gears as set up. (gear increment 5). 

If the spindle and stud gear of a lathe has a ratio of 3 to 4, work 
out a train of gears to cut 8 threads per inch if the lead screw is 6 
pitch. (gear increment 5). 


Work out a train of gears to cut a triple thread 14” pitch on a 
lathe with a 4 pitch lead screw. (gear increment 4). 


Work out a train of gears for cutting a 32” lead spiral on a milling 
machine. The table screw has 4 threads per inch and the worm and 
worm gear ratio of the index head is 40 to 1. (gear increment 5). 
Find suitable gears for differential indexing on a milling machine, 
to index 87 divisions. Selected number as for plain indexing 84. 
Find a suitable compound gear train to use when differential 
indexing on a milling machine to index 1389 divisions. Selected 
number as for plain indexing 140. 

If the return to forward stroke of a shaper is ratio 8 to 2, what 
will be the cutting speed, if the stroke is 7”, and the bull gear 
makes 150 R.P.M.? 

What R.P.M. must the bull gear of a crank shaper make if the 
return to forward stroke is 3 to 2 ratio, the stroke is 9” and the 
cutting speed 55 F.P.M. (feet per minute) ? 

What must ‘be the diameter of round stock so that a square bolt 
head 184” across the flats can be milled from it? 


What is the distance across the flats of a square shank milled the 
largest possible size from a piece of round stock 114” diameter? 
What will be the bore of a pipe equal in area to two pipes one 8” 
diameter and one 6” diameter? 
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£8. 


x9), 


20. 
21. 


22. 


23. 


24. 


25. 


26. 


28. 


29. 


30. 


31. 


32. 


33. 


How would you find the outside diameter of a gear wheel if only 
a broken segment of the wheel was available. Illustrate by a 
sketch. 


How would you use an index head to index for 26 teeth on a gear 
to be cut? 


How would you index for 72 teeth on a gear to be cut? 


How would you index a plate into 5 degree divisions on a milling 
machine ? 


How would you obtain linear indexing on a rule to be divided into 
gy” divisions accurate to 1/10,000 of an inch, using a milling 
machine ? 


Three holes are to be located on a plate, the centres of the holes 
when joined form a right-angled triangle. The smallest angle of 
the triangle is 23° and the side adjacent to it is 2144”. Find the 
centre distance between all the holes. 


Fifteen holes are to be equally spaced on a flange, the centre line 
diameter of the holes is 5”. Find the distance between the centres 
of the holes on the circle. 


A round piece of metal 2” diameter has 7 flats of equal size milled 
on it. Find the distance across the corners nearest to being dia- 
metrically opposite. 


What will be the diameter of the large end of a piece of machine 
steel turned to an inclusive angle of 15° if the length of the taper 
is 6” and the diameter of the small end 34’? 


What will be the distance across the flats of a piece of work when 
milled from round stock to the largest hexagonal shape, if the 
round stock is 1144” diameter? 

What size round stock would be required to mill flats of the 
largest hexagonal shape on it if the distance across the flats must 
be 134”? 

What will be the distance across the flats of a piece of stock when 
milled from round stock to the largest octagonal shape if the round 
stock is 154” diameter? 

If a triangular template with one angle, a right angle, is to be 
made with the acute angle 14°-25’, what will be the length of one 
side adjacent to the right angle if the other side adjacent to the 
right angle must measure 3” ? 


Find the height of two-sine bar pins above a surface plate when set 
to test an angle 14°-36’. (Pins are 10” between centres). 


If one sine bar pin is 3.198” higher than the other above a surface 
plate, what angle is it set at from the horizontal surface plate? 


If a piece of round stock 4” long is tapered so that the large end 
measures 1.127” and the small end measures .527”, what is the 
inclusive angle? What angle would the compound rest of a lathe 


be set at to turn it? ~— 
128467 
, PUBLIC LIBRARY COMMISSION 
VICTORIA, B. C. 
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34. What angle would the compound slide rest of a lathe be set at to 
bore out a socket for a morse taper 54” per foot? 

35. If a tapered recess is bored out in work held in the chuck of a 
lathe with the compound rest set at 14° and the depth of the 
recess 7%” and the inside small diameter 214”, what will be the 
diameter of the outside of the recess? 

36. The outside diameter of a grinder flange being turned in a lathe 
mandrel is 4”, and it is to be turned to an angle so that the taper 
finishes on a boss 114” diameter. If the tapered portion is 5” 
thick, what angle will the compound slide rest be set at to turn the 
angle? 

37. If a tapered recess is to be made in work held in the chuck of a 
lathe so that the small diameter of the recess is 2’, and the large 
diameter 27%”, what angle will the compound slide rest be set at 
to bore the work 7%” deep? 

38. At what angle would you set a piece of round stock, 34” diameter, 
in the chuck of a milling machine Index head, to mill an angular cut 
which must measure 1%” across the major axis of the elliptical 
surface cut across the round stock? 

39. What angle would the table of a milling machine be set at to cut 

a spiral groove in a piece of round stock mounted on centres, if 

the stock was 1.5” diameter, and the lead of the required spiral 

17”? The cutter must be mounted on the arbor. 

40. What size would you set a pair of dividers from a vernier caliper 
with thousandth readings, to set out the distance between 7 holes 
spaced equidistant on a scribed circle 414” diameter on a flange? 

41. Caleulate the angle at the top and at the root of a triple square 
thread 14” pitch to be cut on a piece of stock 114” diameter. 

42. What will be the lead produced on a piece of work 114” diameter 
which has a spiral cut milled on it, if the angle of the table of 
milling machine is set correctly for the spiral at 23°? The cutter 
must be mounted on the arbor. 


SHOP SCIENCE 
INTRODUCTION TO SPUR GEARING 


In this introductory lesson on spur gearing the purpose is to deal 
very simply with some of the primary features of gearing, to give the 
beginner sufficient information to allow him to turn up gear blanks in 
a lathe or form the teeth of a gear on a milling machine. 


Size of teeth. A designer may put any number of teeth on a gear. 
He is limited by the following considerations :— 

(1) The ratio of driver and follower gears. 

(2) The possible centre distance of the gears. 

(3) If strong teeth are required, as in diagram (2), there will be 
few teeth for a small diameter gear. 

(4) Diagram (1) shows smaller teeth, consequently there would be 
more of them in a gear the same diameter for teeth shown in diagram (2). 
The greater number of teeth there are in a gear the quieter it will run. 


Diametral pitch. The diametral pitch of a gear is the number of 
teeth there are in a gear for every inch of the pitch diameter. Diagram 
(1) shows a 10P. (10 Diametral pitch gear) and diagram (2) a 3P (3 
Diametral pitch) gear. 


Pitch circle and pitch diameter. Diagram (3) shows the two pitch 
circles of a gear and pinion. The pitch circles represent an imaginary 
surface which would drive by friction alone. Teeth are cut on gears to 
prevent slip under load. 

Diagram (4) shows a gear with the same pitch diameter as diagram 
(3) but the “Outside diameter” of the gear is larger than the pitch 
diameter by an amount equal to 2 addendums. 


The module (or measure) is the same part of the pitch diameter as 
the circular pitch of gear teeth is of the pitch circumference and is 
equal to the addendum. The module equals the pitch diameter divided 
by the number of teeth in the gear. 

The pitch circle of a gear shown in diagram (3) has 24 teeth 
divisions, so that the module is 1/24 of the pitch diameter. In a 10P gear, 
30 teeth, 3” pitch diameter, the module is 1/10” or one divided by 
diametral pitch. 


The outside diameter of a gear equals the pitch diameter + 2 modules. 
Gear tooth parts are illustrated in diagram (5). 
The circular pitch P’ (P prime) is obtained by dividing the cir- 
cumference of the pitch circle by the number of teeth in the gear. 
153 
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The thickness of the tooth (t) is measured on the pitch circle and in 
cut gears is one half of the circular pitch. 

The addendum (S) is equal to the module and is measured on a 
radial line outside of the pitch circle. 

The dedendum is equal to the addendum + the clearance. 

The working depth D” (D second) equals twice the addendum. 

The clearance (f) is the space below the working depth and equals 
one-tenth the thickness of the tooth. 

The whole depth of space D” + f equals the working depth -++ the 
clearance. 

The fillet or round corner at the bottom of the tooth space is made 
of equal radius to 1/7 the space between the teeth, measured on the 
addendum circle. 

D = diameter of the addendum circle. 

D’ (D prime) = diameter of the pitch circle. 


To draw gear teeth (INVOLUTE). Describe a semicircle on the 
radius of the pitch circle, take 14 of this diameter and mark it off 
on the circumference, the point obtained is the centre of the are to give 
the tooth form. 

“ Involute form of gear teeth: An involute curve is obtained by un- 
winding the end of a piece of string from a cylindrical piece of wood 
equal in diameter to the base circle. The string must be kept taut and 
the point of a pencil tied on the moving end. 

The base circle is a circle of reference and the profile of the tooth 
outside the base circle is a true involute curve. Diagram (8) shows a 
method of finding the approximate radius of the base circle for a pres- 
sure angle of 14144°. DG. is the radius of the base circle, when CG equals 
14 of pitch circle radius struck on semicircle C.G.D. the diameter of 
which is 14 diameter of pitch circle. 

Diagram 6 shows several involute curves. It will be observed that 
distance (a) always measured at a tangent to the base circle is constant 
wherever measured. The profile of gear teeth can be tested by use of 
an Odontometer which gives a practical application of the distance (a) 
in diagram (6). This is further illustrated in diagram (7) when dis- 
tance A and B should be equal, as checked by an Odontometer. Shape of 
teeth varies with the number of teeth in a gear for same diametral pitch. 
Diagram 9 shows a No. 1 cutter to cut 135T to rack, and diagram 10 
shows No. 8 cutter to cut 12 to 13T. A set of eight cutters for each pitch 
will cut all sizes of gears from 12T to a rack, but half sizes may be ob- 
_tained by special cutters. 
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GEAR TOOTH PROPORTIONS 
(Diametral Pitch) 


Diametral Pitch is the number of teeth to each inch of the pitch 


diameter. 
Find 


The Diametral Pitch. 
The Diametral Pitch. 
The Diametral Pitch. 


Pitch Diameter. 


Pitch Diameter. 


Pitch Diameter. 
Outside Diameter. 
Outside Diameter. 


Outside Diameter. 


Outside Diameter. 
Number of Teeth. 
Number of Teeth. 


Thickness of Tooth. 


Addendum. 
Root. 


Working Depth. 
Whole Depth. 


Clearance. 


Rule 
Divide 3.1416 by the Circular Pitch. 
Divide number of teeth by Pitch Diameter. 
Divide number of teeth plus 2 by Outside 
Diameter. 
Divide number of teeth by the Diametral 
Pitch. 
Subtract from the Outside Diameter the 
quotient of 2 divided by the Diametral 
Pitch. 
Multiply the Addendum by the number 
of teeth. 
Divide number of teeth plus 2 by the 
Diametral Pitch. 
Add to the Pitch Diameter the quotient of 
2 divided by the Diametral Pitch. 
Divide the number of teeth plus 2 by the 
quotient of number of teeth and by the 
Pitch Diameter. 
Multiply the number of teeth plus 2 by the 
Addendum. 
Multiply Pitch Diameter by the Diametral 
Pitch. 
Multiply Outside Diameter by the Di- 
ametral Pitch and subtract 2. 


rad 3.1416 
Divide a OF 1.5708 by the Di- 
ametral Pitch. 
Divide 1 by the Diametral Pitch. 
Add 1-tenth the thickness of tooth to the 
Addendum or Divide 1.157 by Diametral 
Pitch. 
Divide 2 by the Diametral Pitch. 
Add 1-tenth the thickness of tooth to work- 
ing depth or Divide 2.157 by Diametral 
Pitch. 
Divide .157 by the Diametral Pitch or take 
l-tenth of thickness of tooth. 
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PROBLEM. Find proportions for a gear. 
Given the mating pinion which has half the number 
of teeth of the gear. 


Given Pinion 50 Teeth 
Outside diameter—4” 
(Obtained by measurement) 
Number of teeth—50 
(Obtained by counting) 


Name of Part: 


Number of teeth in gear 
Outside diameter of gear 


Diametral pitch (from) 
(pinion) 

Circular pitch 

Thickness of tooth 


Addendum and module 


Working depth of tooth 


Depth of space below pitch line 


Clearance 
Whole depth of tooth 
Pitch diameter 


Centre distance 


| 


Gear to be made 


(Work out proportions) 


woz 





Sena 


a 


Z| 








100+2 
13 

50 +2 
4 

3.1416 








a 


157 





2417" 
1 208? 
~ 0769" 
7 iaEe" 


0889” 
0120” 


D’ jof gear + D’ of pinion| 5.769” 





2 


2 


SPUR GEARS (INVOLUTE) 
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THE VERNIER 


A vernier used in conjunction with a graduated scale will help to 
produce measurements of a much finer degree than is possible by. means 
of a graduated scale alone. The degree of accuracy will depend upon 
the graduations on the main scale and the graduations on the vernier. 


Diagram (1). Illustrates a simple vernier, which will serve to ex- 
plain the functions of a vernier for one who does not understand its 
use. If four vertical cuts are made with a knife at A and B in diagram 
(1), and the strip in diagram (2) is cut out to slide between these strips 
A and B, trial readings may be made to test ones ability to read a 
simple vernier. 


The vernier principle. The length of the vernier scale is made equal 
to a definite part of the main scale, but the divisions on the vernier scale 
are usually graduated to 1 space less than the spaces on the main scale, 
but the same number of divisions are used. 


Example Diagram (1). The main scale 1” has 10 divisions. The 
vernier scale from 0 to 10 is equal to 9 of the divisions on the main 
scale, that is, one less than 10 and the vernier scale is divided into 10 
equal parts. 


To read the vernier. If 0 and 10 correspond with marks on the main 
scale, the measurement will be in tenths only. If the first mark (the 
one next to 0) on the vernier scale corresponds to a mark on the main 
scale, no other mark will correspond and the vernier is advanced 1/10 
of 1/10” = 1/100” — .01”. Similarly if the 6th mark corresponds the 
vernier is advanced 6/10 of 1/10”—6/100” = .06”. 


In Diagram (1) the reading is as follows. The zero mark on the 
vernier scale is past 1” and 1/10” and the fourth mark on the vernier 
scale corresponds. 


Reading main scale 1.1”. 
vernier 04”. 


Total 1.14”. 


A vernier to read in thousandths of an inch. Diagram (3). This is 
drawn twice full size to assist in reading the small divisions. Cut out 
strip (4) and slide in cut strips in (3) as previously described. 


The vernier scale 0 to 25 is equal to 24 small divisions on the main 
scale and is divided into 25 parts, because it is made 1 less than 25 parts 
on the main scale. 


The main scale is divided into tenths, then subdivided into fortieths. 
1/40”—= .025” or 25 thousandths. If the first mark on the vernier scale 
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concides with any mark on the main scale the vernier is advanced 1/25 
of .025” — .001” or one thousandth of an inch. 


Reading the thousandth vernier. Diagram (3). The zero mark on 
the vernier scale is past 1” and 1/10” and 1/40” and the 14th mark on 
the vernier corresponds with a mark on the main scale. 


Reading is therefore :— 


Main scale LO” 
Main scale Oar 
Main scale 025” 
Vernier 0.014” 
Total 1.139” 


Diagram (5) shows a drawing of a common vernier caliper for one 
thousandth reading. Jo adjust. The screw A is tightened and the 
screw B loosened; then a fine movement of the sliding jaw may be ob- 
trained by turning the vernier adjusting nut. A magnifying glass will 
be found a great assistance in reading accurately the fine division on 
the vernier. A distance may be set on dividers for accurately laying 
out work by placing one leg of the dividers in the spot inside the circle 
shawn on the fixed jaw, and the other in the conic recess in the sliding 
jaw. The jaw points are designed for measuring internal dimensions 
with their equivalent zeros on the reverse side of the scale. 


Vernier on a micrometer. Diagram (6). This provision allows one 
to read a micrometer accurately to 1/10,000”. Reading tenths on 
barrel 0.3800”. Fortieth on barrel 0.025”. Thousandths on sleeve 
0.011”. Graduations on vernier 0.0007”. Total 0.3367”. 


Vernier on a bevel protractor. Diagram (7). From 0 to 60 on the 
vernier is divided into 12 divisions, which are equal to 23 divisions on 
the main seale. One division on the vernier is 1/12 of a degree shorter 
than two divisions on the main scale 1/12 of 1 degree (or 60 minutes) 
equals 5 minutes. Reading diagram (7). Main scale == 23°. Vernier 
—8x5=—40’. (The 8th mark corresponds). Total — 23° 40’. 
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HEAT TREATMENT DEFINITIONS 


The following definitions have been approved by the Recommended 
Practice Committee of the American Society for Steel Treating: 

(1) Annealing. Heating above the “critical temperature” followed 
by a relatively slow rate of cooling. 

By “critical temperature” is meant that temperature which is custom- 
arily associated with the following phenomena: 

(a) Hardening when quenched. (b) Loss of magnetism. (c) Ab- 
sorbtion of heat. (d) Formation of solid solution. (e) Pronounced re- 
finement of coarse grain upon cooling. 

(2) Loneal (A new term). Heating below the “critical temperature” 
followed by any rate of cooling. 

(3) Normalizing. Heating above the “critical temperature” fol- 
lowed by an intermediate rate of cooling. 

(Note: In good practice, the heating is considerably above the 
“critical temperatures”). 

(4) Spheroidizing. A long time heating at or about the “critical 
temperature” followed by slow cooling throughout the upper part of the 
cooling range. 

(Note: For the purpose of spheroidizing the cementite in high 
carbon steels.) 

(5) Hardening. Heating above the “critical temperature” followed 
by a relatively rapid rate of cooling. 

(6) Tempering. Reheating after hardening to some temperature 
below the “critical temperature” followed by any rate of cooling. 

(7) Carburizing. Adding carbon with or without other hardening 
elements, such as nitrogen, to wrought iron or steel by heating the metal 
below its melting point in contact with carbonaceous material. 

(8) Case hardening. Carburizing the surface portion of an object 
and subsequently hardening by suitable heat treating. 

(9) Cyaniding. <A specific application of carburizing where the 
object, or a portion of it is heated and brought into contact with 


cyanide salt. 


Carbon steels suitable for various uses. Carbon content 0.65 to 0.85 
per cent. Shear blades, boiler snaps and cups, hammers, stamping and 
pressing dies, mining drills. 

Carbon Content 0.81 to 0.95 per cent. Hot and cold sets, chisels, 
dies, shear blades, mining drills, smith’s tools, set hammers, swages, 
flatteners. 

Carbon Content 0.96 to 1.10 per cent. Small cold chisels, hot sets, 
small shear blades, large pinchers, large taps, granite drills, trimming 
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dies, turning tools, planer tools, drills, cutters, slotting and milling tools, 
mill picks, circular cutters, small shear blades, threading dies. 

Carbon Content 1.11 to 1.25 per cent. Small cutters, small taps, 
drills, slotting and planing tools, wood-cutting tools, turning-tools, 
razors, etc. 


Suitable tempering heats for various tools. Temperature 350° to 390° 
Fahr. (177° to 199° Cent.). Lathe tools for brass and copper alloys. 
Milling cutters for brass and copper alloys. Scraper and cutting tools 
for soft metals. Drawing mandrels, drawing dies, bone-cutting tools, 
hammer faces, steel engraving tools, wood-carving tools, cutting tools 
for iron and steel, hand tools, threading dies for brass. 

Temperature 400° to 500° Fahr. (204° to 260° Cent.). Hand taps 
and dies, hand reamers, drills, bits, cutting dies, penknives, milling 
cutters, chasers, inserted saw teeth, press dies sheet steel, rock drills, 
taps and dies, wire drawing dies, dental and surgical instruments, twist 
drills. 

Temperature 500° to 600° Fahr. (260° to 315° Cent.). Bending 
and forming dies, shear blades, chuck jaws, forging dies, drifts, ,gauges, 
press dies, flat drills, reamers, chisels and tools for wood cutting, ham- 
mers and drop dies, axes, lathe tools for copper, augers, cold chisels, 
coppersmith tools, grinders, screw drivers, molding and planing tools, 
hacksaws, needles, butcher knives, saws. 
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TABLES OF HEAT TREATMENT 
Normalizing of Tool Steel Before Hardening 
Operations: 

(1) Heating. Place the steel in a furnace so as to expose maximum 
surface area. Heat uniformly to a temperature above the upper critical 
range as shown in Table I and hold at this temperature for sufficient 
time to obtain complete penetration of heat and for complete refinement 
of grain. 

(2) Cooling. Remove from furnace and cool freely in air. 


Table I 
Normalizing Temperature and Carbon hange. 

Carbon Degrees Fahr. Degrees Cent. 
0.65 to 0.90 per cent. 1475 to 1525 801 to 829 
0.80 to 0.95 “ 1475 to 1500 801 to 815 
0:5 to 110% 1500 to 1575 815 to 857 
LO: torki2on(" « % 1575 to 1650 857 to 898 


Cross Sections, Weight and Time. 
Thickness of Largest |Weight of ‘Unit in|Time of Heating) Time of Holding 


Section of Unit Pounds in hours in hours 
(approximate) (approximate) | (approximate) 

Up a and including 1} Up to 100 % WY 
inc 

Over 1 inch and in-| Over :00 and 1% % 
cluding 2 inches including 300 , 

Over 2 inches and in-| Over 300 and 1% 4 
cluding 3 inches including 500 

Over 3 inches and in-| Over 500 and 214 i 
cluding 4 inches including 1,000 

Over 4 inches and in-| Over 1,000 and 254 i 
cluding 5 inches including 5,000 

Over 5 inches and in-| Over 1,500 and 3% 1% 
cluding 8 inches including 2,000 


Heat Treating of Plain Carbon Tool Steel. 
(1) Heating for quenching. Heat steel uniformly to the temperature | 
indicated in Table II. 
Table II 
Heat Treating. 
Carbon Range 


Per Cent. 0.65—0.80 0.81—0.95 0.96—1.10 1.11—1.25 
Hardening 1550—1450 1460—1410 1390—1430 1380—1420 
Temperatures Deg. Fahr. Deg. Fahr. Deg. Fahr. Deg. Fahr. 
Quenching Water at 70 | Water at 70 | Water at 70 | Water at 70 
Medium and Deg. Fahr. | Deg. Fahr. | Deg. Fahr. | Deg. Fahr. 


its temperature 


(2) Quenching. Quench from the temperature in Table II in water 
but do not cool below the temperature of boiling water 212° Fahr. 
(100° Cent.). 

(3) Tempering. Reheat immediately in oil, liquid heating medium 
or furnace for the time and at the temperature specified in Table III 
and cool. 


Table III 
Tempering the Tool Steel. 

Results Desired Tempering Medium Temperature 
Relieving Strains Oil 350 to 375 Deg. Fahr. 
Relieving Strains and Oil or salt 400 to 500 Deg. Fahr. 
Reducing Brittleness 
To Relieve Strains Oil or salt 500 to 600 Deg. Fahr. 


and to Toughen 


164 MACHINE SHOP PRACTICE 





HEAT TREATMENT OF CARBON TOOL STEEL 
(Line Diagrams) 


This lesson presents a simplified outline of the common forms of heat 
treatment, any of which have been defined as “an operation or com- 
bination of operations involving the heating and cooling of metal in the 
solid state.” The illustrations are in the form of line diagrams or graphs, 
which picture the operation graphically and if these pictures are carried 
in one’s mind, a definite plan of action should be established. Perhaps 
the most important single fact that should stand out in any operator’s 
mind is that of the “Transformation points” or “Critical periods”. 

Decalescent and Recalescent points. Experiment Diagram (4). The 
phenomena of Decalescent and Recalescent periods can best be shown by 
diagram (1) which fact is shown clearly by a simple experiment which 
is illustrated in diagram (4). A piece of steel wire is fastened to a 
terminal at one end and wrapped around the drum of an indicator 
and stretched by means of a piece of rubber at A. Two wires connect the 
steel wire to a battery which is used to heat the wire. On heating, the 
wire expands, then suddenly contracts although the wire is getting 
hotter steadily. This action is clearly shown by the indicator. When 
the heat is cut off the wire cools and contracts but suddenly the indicator 
shows it expand, then it contracts again. Diagram (1) illustrates this 
action, E representing the expansion and C the contraction. The high 
critical point is known as the Decalescent period and the low change 
point as the Recalescent period. 

The solution of this peculiar action lies in the fact that the heat or 
energy instead of increasing the temperature of the steel is used up in 
making an internal structural and chemical change. The carbon in the 
metal goes into a solid solution with the ferrite or iron and produces the 
_ austenite condition. 

Diagram (2) shows the graph of the heating and cooling of a 
furnace. If a thermocouple were placed in a drilled hole inside a piece 
of tool steel and heated in the same furnace, the pyrometer attached to 
the thermocouple would show the critical periods (diagrams 3) of 
Decalescent at A and Recalescent at B. The importance of this is due 
to the fact that the proper hardening heat of the steel is just after the 
Decalescent period or as soon as the heat starts to rise again. If the 
steel is quenched from this heat into water, file hardness is obtained 
and the steel will have the finest grain structure. If quenched 
from a temperature much above the hardening heat, the grain of the 
steel will be coarse, crystalline and weak. If allowed to cool off and 
quenched on a falling heat, the grain will still be the same as if the 
steel were quenched from the higher temperature. If the steel is allowed 
to cool off below the Recalescent point (B), no hardness will be ob- 
tained when quenched. 

Annealing. Diagram (5). The line diagram illustrates the idea 
that the annealing process consists of heating the steel to a temperature 
greater than the hardening heat and holding that temperature for some 
time. then cooling very slowly. Annealing is a very broad term and can 
be carried out in many ways to obtain varying results. The results will 
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depend upon the rate of heating, the maximum temperature and the rate 
of cooling. 

The purpose of annealing is to remove stresses, to induce softness 
and to refine the crystalline structure. The cooling rate can be con- 
trolled, by cooling off with the heated furnace, or burying the steel in 
lime, or, if a forge is used, covering the steel with coals and allowing it to 
cool with the fire. When slowly cooled from above the critical range, 
the solid solution (austenite) in the steel will break up into a mixture 
of crystalline grains of free ferrite and pearlite. If the steel contains 
about 0.85% carbon, the structure will be roughly 100% pearlite after 
annealing. If the steel contains over 0.85% carbon, the carbide of iron 
(cementite) occurs as a free constituent with pearlite. 


Normalizing. Diagram (6). The normalizing treatment is for the 
purpose of removing strains put in the steel by forging and should 
always precede hardening and tempering, to guarantee that all strains 
have been removed, which will lessen the possibility of cracks occurring 
in the hardening process. The steel is heated to a temperature much 
higher than the hardening heat or the annealing heat and held there for 
a short time only. The cooling rate is comparatively rapid when com- 
pared to annealing. After heating, the steel can be cooled off in the air. 
The microstructures obtained consist of Sorbite with or without free 
ferrite or cementite, according to the carbon content. Steels below 
0.85% carbon after slow cooling through the critical range consist of a 
mixture of pearlite and free ferrite. 


Spheroidizing. Diagram (7). This process is usually applied to 
steel of high carbon content to make it easy to machine. The steel is 
usually heated for a considerable time at a temperature just below the 
critical range, followed by slow cooling. The object of this heat treat- 
ment is to produce in the steel a globular condition of the carbide which 
is hard to machine if in layers, but if in globular form, the hard 
globules are pushed by the tool into the soft ferrite as the tool enters 
and consequently it machines easily. 


Hardening and tempering. Diagram (8). The line diagram illus- 
trates the fact that the steel is heated uniformly and held at the harden- 
ing heat just beyond the critical range, the time for heat penetration 
depending upon the mass of metal being heated. The steel is then 
quenched rapidly, the speed with which the heat is removed will decide 
the hardened condition of the steel. Steel may be produced in the 
Martensite, Troostite or Sorbite condition, according to the rate of the 
quench. It is quite unnecessary to quench steel outright to room 
temperature as the lower temperature zone is the cracking zone. If the 
steel is quenched to the temperature of boiling water—212° F, there 
will be less likelihood of cracking taking place and still it will be file 
hard if quenched in water or proper quenching oil. 

It is best to reheat immediately to “temper” or “draw” which will 
reduce the hardness to a proper degree for the work the tool has to do. 
Strains will be relieved and the metal made hard and tough, according 
to the tempering temperature. The steel should be held at the tempering 
temperature for some time to guarantee penetration of the heat and then 
cooled slow or fast, according to the conuitior of the steel required. 
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HARDENING STEEL 


Any person who lacks experience in hardening would co well to con- 
form to certain simple rules to prevent him from certain failure in his 
work. There are so many things that may happen that unless due con- 
sideration is given to certain natural laws, trouble is bound to be met 
with sooner or later. 


Decarbonized steel. It is quite common to see some people attempting 
to harden an odd tool in a forge fire with very little fuel and the blast 
wide open. Steel heated in such a fire will receive heat on the bottom 
surface at a tremendous rate while the inside of the metal is practically 
cool. Diagram (1) shows that the effect of this sort of treatment is to 
burn out the carbon on the surface of the metal exposed to such heat and, 
when the body of the metal has been heated through and quenched, the 
decarbonized surface cannot possibly be hardened, because the carbon 
which is the main hardening element has been burnt out of it. 


Detection of decarbonized steel. Apply steel to a grindstone. A 
properly hardened steel shows the carbon spark, as in Diagram (2), 
while a decarbonized steel shows an iron spark, as in Diagram (3). 


Internal strains in steels due to careless heating. Hardening cracks 
are often caused by the steel being heated too quickly, that is, the outside 
of the steel is subject to an intense heat while the inside lags, as shown 
in Diagram (4). The outside expands very rapidly and the inside 
remains more or less in a contracted state; consequently separation due 
to the intense internal strain takes place, as shown in Diagram (5). This 
sample was taken from a broken cape chisel showing a perfect crack in 
the shape of an ellipse. 


The effect of careless quenching. Diagrams (6), (7) and (8) show 
views in section of centre punches during the hardening process while 
using a gas forge or coke forge. In Diagram (6) the steel is heated 
evenly throughout to the hardening heat, but is quenched right out in 
cold water. The effect of this, as shown in Diagram (7), is to freeze 
the outside of the metal quickly, sealing the metal inside which takes 
some time to cool. The inside, when cooling, expands on account of the 
formation of hardening crystals, in the same manner that water expands 
when freezing, and consequently bursts open the steel, as shown in 
Diagram (8). To prevent this the steel should never be quenched 
beyond the temperature of boiling water .212 F.; or better still, remove 
from the water as soon as it shows a black heat, and finish cooling in oil, to 
give a slow rate of cooling and freedom for the internal strains to work 
out; then temper immediately. 
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Shaping work to prevent “hardening cracks’. If tool steel were 
formed as shown in Diagram (9) there would be a distinct line of 
separation between the greater and the smaller mass of metal. During 
cooling in the hardening process the smaller part will cool before the 
larger part, and the strains will tend to separate the metal at the sharp 
corner, as shown in Diagram (11). To offset this tendency all corners, 
where possible, should be filleted, as shown in Diagram (10), so that the 
strain between the smaller and the larger diameter will be more gradual. 
If a sharp corner is necessary, it can be ground after hardening. 


Filling of holes to prevent “hardening cracks”. <A hole through a 
piece of metal allows the coolant to quench the steel quickly long before 
the remaining mass of metal, as shown in the punch in Diagram (12). 
If these holes shown are filled with fireclay before heating, the metal will 
cool at the same rate approximately as if no holes were there, and thus 
reduce cracking tendencies. 


To harden one part and toughen the remainder. This can be accomp- 
lished, as shown in Diagrams (13) and (14), by protecting the part to 
be toughened with two metal plates wired together before hardening. 
When quenching, the plates prevent the cold water from gaining access 
quickly to the surfaces requiring protection and thus form a blanket 
of steam or warm water, which delays quenching, so that while the 
outside quenches quickly and is file hard, the inside quenches slowly and 
is consequently toughened. 
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HEAT TREATMENT WITH MODERN EQUIPMENT 


Steel hardened in an ordinary forge fire or gas forge, is exposed to 
many things that tend to produce poor results. (1) Decarbonization 
of the outside of the work due to direct contact with the fire or flame. 
(2) Irregular rate of heating. The outside of the steel may be beyond 
the hardening heat before the inside of the steel has reached it. The 
effect of this kind of treatment is to produce work below the required 
maximum hardness, warping and hardening cracks, unless great care 
is exercised. An even rate of heating throughout the piece and exact 
hardening heat temperature are of supreme importance if satisfactory 
results are to be obtaiied. The Hardening furnace provides suitable 
conditions for heating work for hardening. The electric furnace pro- 
duces the best type of heat, while gas and oil-fired furnaces are commonly 
used. 

The furnace illustrated in Diagram (1) is suitable for gas or oil. 
It consists principally of two chambers. The lower is the combustion 
chamber and the upper chamber or muffle is where the work is placed, 
being protected from the products of combustion. The door of the fur- 
nace is moved vertically up and down and protects the work from 
oxidation from the outside air. A peep hole and cover is provided so 
that the operator can observe the heat of the work. 


A therinccouple is shown at the back of the muffle. The hot end or 
junction of two wires, one platinum and one platinum rhodium, is pro- 
tected by a protective tube of a material called “stonax”, which has a 
very high melting point. 

The heat passes up from the combustion chamber at the two sides and 
through the vent at the top of the furnace. By watching the appearance 


of the gases at the vent the operator can tell if the mixture of gas and air 
in the combustion chamber is correct. 


The Pyrometer is usually placed at a convenient point for reading the 
temperature; but one should bear in mind that the thermocouple is very 
sensitive and registers heat quickly, while the work usually lags behind, 
so that allowance must be made for the time required for the work to 
absorb its heat for the temperature required. 

The work should be placed in the furnace so that all parts have an 
equal chance to heat regularly. Sometimes it is advisable to rest the work 
on raising blocks to produce even heating. 


Testing for hardening heat. When the steel reaches its “critical 
point” or “decalescent point” it becomes non-magnetic. The hardening 
heat is correct just after it passes this point, so that a magnet can be 


SHOP SCIENCE 171 





172 MACHINE SHOP PRACTICE 





placed inside the furnace, as shown in Diagram (2), to feel if the steel 
is magnetic. If the magnet does not “pull” close the door for a while to 
regain the lost heat, then remove the work and quench. A lever 
magnet as shown in Diagram (3) could be used for the same purpose. 


Liquid baths for heating. Diagram (4) shows a common type of 
liquid bath used for heating steel. The advantage of such heat treatment 
over an ordinary furnace is that it provides a non-scaling and non- 
oxidizing method of heating the work. The bath heats the work uni- 
formly and eliminates warping and cracking. The liquid medium used 
may be one of two classes: (1) metals, such as lead (which is commonly 
used (2) salts, which are very numerous and give satisfaction. 


Quenching. A suitable quenching bath should be provided, similar 
to the one shown in:Diagram (5). The temperature of the bath for 
certain kinds of work is important; but generally a temperature of 
45° F. is suitable. By arranging the water intake and overflow pipes, 
as shown, the bath is kept at a constant temperature and the water is 
kept moving to give an even quench on the work. Oil is sometimes used 
to quench certain tools, which would likely crack owing to their shape 
if quenched in water. The oil gives a slower rate of cooling than the 
water; therefore the work is not so hard as when water-quenched, but 
it is less brittle. 


Note. When quenching, the work should never be quenched right 
out or cold, but should be removed from the bath while at a black heat 
and tempered immediately. (Feel the work under water). 


The tempering bath, Diagram (6), usually consists of special temper- 
ing oil or salt in a tank with provisions made for heating by a surround- 
ing combustion chamber. A thermometer is placed in the heated oil or 
salt to notify the operator of the temperature of the bath. The work is 
submerged in the oil in a wire basket until the proper temperature has 
been reached and then cooled off at any rate of cooling until cold. 
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Steel often has to be heated to be forged to shape for tools. The steel 
can be improved or damaged by careless treatment. The finest grain size 
in steel can be obtained just at, or just above the critical range, there 
fore all hammering should stop when the steel is at this temperature. 


Hot working. A steel ingot shows a coarse grain, but by hammering 
at the proper heat the grain size may be reduced. The pressure of 
rolling or hammering must be sufficient to penetrate to the centre of the 
steel to obtain a fine grain size throughout. 

The steel should be annealed or normalized after working to remove 
the strains and to give it the proper condition, so that when hardened, 
a fine silky grain is produced. 


Cold working of steel below the “critical range” tends to distort the 
steel and reduce its ductility and causes some hardness and brittleness. 
The advantage of cold working is that no oxide is formed on the metal 
and the comparatively hard surface produced usually makes it suitable 
to withstand friction and wear. 


Softening treatment for steel. Steels may be softened to remove 
strains put in by working, or to remove hardness from some previous 
hardening process, or to give it a fine grain preparatory to hardening. 

There are two general processes for softening steels. (1) Annealing 
(2) Normalizing. 


Annealing is a heat treatment usually given by packing work in 
sealed boxes, which produces a maximum amount of ductility combined 
with a high elastic limit. All strains are removed and the steel is given 
good machining qualities. The work is left to cool off in the furnace 
to give a very slow rate of cooling, or the work can be removed from the 
furnace and buried in lime or ashes. 


Normalizing is a heat treatment beyond its highest critical temperature 
and soaking at this heat to relieve crystal formation under strain from 
forging. The temperature for normalizing is usually much higher than 
for annealing. When heating for a long period, as in annealing, there 
is a great tendency for the outer part to oxidise. This scale (iron oxide) 
so formed by heating means that the outer part of steel has decarburized. 
For this reason the work is placed in sealed boxes to keep out the air an’ 
the pots are filled with the work placed between layers of a materiul 
rich in carbon. 


Hardening treatment. When a cold piece of steel is to be hardened 
and is placed in a furnace for that purpose, the pearlite and ferrite or 
cementite will be changed to austenite. 
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The ferrite above the critical point changes and dissolves the 
cementite and forms a “solid solution” called “Austenite.” If this pro- 
cess is rushed by placing cold work in a hot furnace, a molecular 
expansion occurs which the steel cannot withstand and it cracks. Similar 
results are obtained by impinging a flame on steel. Work should there- 
fore be pre-heated before putting into a hot furnace, or salt baths should 
be used. 


Quenching. If work is quenched from just past its high critical 
point, the Austenite tends to revert rapidly through its various stages 
back to pearlite, but it is trapped during the process by the rate of the 
cooling, and if the cooling is rapid the resulting structure is composed 
of Martensite, which is very hard, and in the condition of greatest 
volume and finest grain structure. 

If the quench is less rapid, such as is obtained by quenching in oil, 
Troostite is formed with the result that the steel is not so hard as the 
Martensite condition. Sometimes a large piece of steel may have 
Martensite on the outside and Troostite in the centre on account of 
the reduced rate of the cooling inside the large piece of steel. If work is 
quenched with a very slow rate of cooling, Sorbite is formed with the 
steel in a strong and ductile condition. 


Strengthening treatment. After hardening the steel may be re- 
heated to remove its brittleness which accompanies the Martensite con- 
dition. This reheating or Tempering allows the constituents of the steel 
to go on with the change from Martensite to Troostite and so on to 
Sorbite and finally pearlite. By regulation of the temperature the steel 
may be left in any condition as required for the work in hand. 

Strains may therefore be relieved, brittleness taken out and the steel 
left with the proper amount of hardness and toughness desired. 
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THE MECHANICS OF SIMPLE MACHINE SHOP TOOLS 


The illustrations in this lesson show some tools and devices used in 
the Machine Shop. On one side there are line diagrams (numbered), 
showing the mechanical principles involved, and on the other side the 
tool or device (lettered). Any practical man knows the importance of 
really understanding the fundamental laws of mechanics. It is not 
sufficient to understand the pure theories, but it is necessary to be able 
to recognize them in a practical environment and be able to make use of 
them. Many experienced men call such a knowledge “horse sense”, and 
is certainly a very important but neglected phase of modern educational 
methods. A student therefore would be advised to extract his theories 
from concrete examples, as is shown in this lesson. 


Diagrams A and B show two positions of a file being used to file a piece 
of work. If the left hand holds the point of the file and the right hand 
holds the handle, one can readily see that to keep the file in equilibrium 
to file the work square is no easy matter. The pressure on each end must 
change continually as the file moves, on account of the changing length 
of the pressure arms. 


in Diagrams (1) and (2), pressure C is to pressure D, as the length 
B is to the length A. Stating this as an equation: 
Cx A= Ex Dp 
In Diagram (1). If the length A—2” and length B 8” and pres- 
sure at D 4 lbs., find pressure at C. 
COs Bix Dias x4 ils: 
A 2 
In Diagram (2). If length A==6” and length B 4” and pressure 
D 4 lbs., find pressure at C. 
C=—=BxD=4x4 = 2% lbs. 
en 
The above problems show the varying pressures required for different 
positions of the file. 











Diagram (C) illustrates a Tap Wrench which is used to turn taps into 
a hole when tapping a thread. The pressure from the left and mght 
hand of the operator acts at equal distances from the centre of rotation. 


In Diagram (3) both forces C and D help to turn the wrench, so that 
the turning moment equals (C x A) + (Bx D) or Dx (A +B) or Cx 
(A + B). This balanced action is known in mechanics as a “Couple.” 


Diagram (D) illustrates a common wrench. It can be seen from the 
line diagram (4) that the force B acts at a distance A from the centre of 
rotation to turn the wrench and consequently the nut... 


ii 
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A x B = the turning moment. 
If A = 6” and B 10 lbs., turning moment = 60—pounds—inches. 
If A = 8” and B 10 lbs., turning moment = 80—pound—inches. 
Therefore, the moment increases with the increased length of A. 


Diagram (E) illustrates an application of turning moment when 
loosening the faceplate from a lathe spindle. The moment equals A x B, 
diagram (5). If this fails to loosen the faceplate, the length A may be 
increased as shown in diagram F and line diagram (6). Since A in 
diagram (6) is 4 times the length of A in diagram (5), the moment will 
be 4 times greater for the same pressure applied. 


Diagram (G) shows the shipper pole of a lathe countershaft used to 
engage and disengage the clutch. From line diagram (7), the resisting 
moment equals C x B and the power moment Dx A. If B = 2 feet and 
A = 8 feet and resistance C == 12 lbs., find power applied at D. 
CxB=Dx A. Therefore, D = Cx 12 x2 24 

= —_____ —- = 3 lbs. 
A 8 8 

The ratio of movement will be in the same proportion, but inversely 
proportional. Hxzample. If C moves 3”, how far does D move? 

< movement : D movement : : Distance B : distance A. 


Therefore C x A=DxB 
C KA 3” x 96” 
D = a= thy ” 
B a 
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THE MECHANICS OF LATHE TOOLS 


Successful use of the lathe and lathe tools, depends largely upon the 
operator’s ability to recognize the mechanical principles involved in 
their use. Tools may be used in such a manner that their position causes 
undue strain on the tool itself, or causes strain on the machine and pro- 
duces poor work. It is the purpose of this lesson to point out some of the 
outstanding errors noticed in the common use of the lathe. 

The adjacent diagram sheet shows on the right hand side sketches 
of lathe tools in use and on the left hand side the mechanical diagram of 
such tools. 


Forces acting on a lathe tool held in a tool post, (A). As the work 
rotates against the point of the tool, the pressure of the chip as it is re- 
moved tends to press the tool down. This force acts as a moment about 
the last point of support of the toolholder at (X). The toolholder is pre- 
vented from moving down under the chip pressure by the pressure of 
the set screw acting on the toolholder at the point Y, which offers a re- 
sisting moment about the last point of support X. Referring to the line 
diagram (1) of this tool, one can see that the power moment to move 
the tool equals the pressure of the chip multiplied by the distance (ZX). 
The resisting moment equals the pressure of the set screw multiplied by 
the distance (XY). By comparing tool (A) and tool (B) it is readily 
observed that the power moment in (B) is much greater than in tool (A) 
and the resistance moment is the same. Therefore position (A) is much 
better than position (B). 


The effect of the height of the tool on the work. Tool (C) shows the 
correct height for turning, providing that the tool is rigid. If the tool 
moves down under chip pressure because it is not supported properly, 
the effect will be that it swings down into the work, as shown by the 
dotted line. If the point of the tool is set on centre, as at (D), under 
extreme pressure, it would swing down but away from the work and 
would not spoil the work by reducing the diameter as in (C). The 
position (D) is used in threading, because of the pinching action on the 
tool giving increased pressure. In position (C), this movement can be 
prevented by giving proper support to the tool as at (A). 


The plan position of the tool in relation to the work. As the tool is 
fed along the work parallel to the axis, the pressure of the cutting tends 
to turn it around in the tool post with a moment equal to force (Z) 
multiplied by the distance (ZX). The pressure moment acts as a couple, 
as shown at WX, and if greater than the resisting moment on the base of 
the tool post the tool will turn. If the tool is placed as at (F), it will be 
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turned into the work and thus reduce its diameter and probably spoil it. 
If the tool is placed as at (E) and turns under pressure, it can only 
move away from the work and increase the turned diameter of the stock. 


The triangle of forces and its application to lathe tools. Diagram (G) 
shows the plan of two tools squaring a piece of stock. The tool at (J) if 
moved at right angles to the axis of the work under the control of the 
cross feed would meet with the resistance of the work acting as a force 
in the direction (AB) in the line diagram. This resultant force has a 
component force (CB), which tends to push the tool into the work 
parallel with the axis. Asa result of this, the tool instead of progressing 
at right angles to the axis is deflected, as shown by the dotted line (BD), 
and produces a concave end on the work. The tool shown in plan at (K) 
would not meet any deflecting force other than the resistance of the work 
acting at right angles to its cutting face and consequently would make 
the work square. 


Effect of chip pressure on the front rake of a tool (H). As the chip 
strikes the top face of the tool the force acts at right angles to that face, 
as shown by the arrows (A) and (B). The tool turning brass, as at (A), 
has a negative front rake. The horizontal component of the force (A) 
tends to push the tool away from the work as shown in the diagram at 
(C). This action tends to offset the pulling in the action of brass on a 
turning tool. The tool turning machine steel, as at (B), shows the force 
acting at right angles to the top face of the tool by the arrow (B). The 
horizontal component of this force tends to push the tool into the work 
and helps to offset the resistance to penetration of the work, as shown in 
the line diagram at (D). It can be seen from the above examples that a 
knowledge of elementary mechanics and their influence upon lathe tools 
has a great deal to do with their effective operation. 
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MACHINE TOOL OPERATIONS 


The diagrams shown in this lesson illustrate the various basic machine 
tool operations, so that by comparing and contrasting the features of 
each, one may realize the advantages or disadvantages of any particular 
method of removing or separating metal. One of the most important 
observations that will result from such an investigation of these funda- 
mental processes is the fact that the speed of the removal of metal is so 
dependent upon the cutting speed the tool will stand. High speed 
steel gave an increase to cutting speeds over carbon tool steel with double 
the cutting speed and now we expect new and greater speeds, possibly 
four times that which can be obtained with high speed steel tools by the 
use of the new cemented tungsten carbide, which is a cobalt, carbon, tung- 
sten alloy. 


Diagram (1). Turning in the lathe. Here the work rotates past a 
stationary tool. The relation of the tool to the work and the angles of 
the tool are fully dealt with in lessons on tool grinding, page 109. The 
heat generated by cutting plays an important part in the operation, and 
must at all times be given consideration. It can be dissipated to some 
extent by the use of proper refrigerants, the commonest being a water 
solution with some animal fat to assist the cutting and sal soda to prevent 
the water from rusting the work. This provision for the absorption of 
the heat generated when cutting is necessary for all the operations illus- 
trated here, with various compounds used for different metals. There 
are some exceptions, such as cast iron, which cuts better dry. 


Diagram (2). Planing on the shaper. Here the work is held stationary 
and the tool cuts on the forward stroke and passes over the work without 
cutting on the return stroke. This method of metal removal differs 
from lathe work in that lathe turning is continuous, and planing is 
intermittent. The shaper is used for small work, primarily for pro- 
ducing flat surfaces. 


Diagram (4). Planing in the planer. Here the tool is stationary and 
the work passes the tool. It is fastened to a table which passes the tool 
on the cutting stroke, then returns without cutting, ready for the next 
stroke. This method of producing flat surfaces is used on work too 
large for the shaper, although the tool operations are very similar. 


Diagram (3). Drilling in the drill press. Usually two lip drills are 
used so that as the drill rotates two cutting edges remove metal at the 
same time. This operation is another example of continuous cutting. 
It is very important that the drill be properly ground to give a balanced 
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cutting action. The conical point of the tool tends to direct the cutting 
in its true location. See page 29 on drill grinding. 


Diagram (5). Grinding metal on a grindstone. The grindstone is a 
multiple cutting tool of the continuous cutting type. The relief of each 
cutting abrasive grain is provided by the porosity of the wheel, which 
also helps to keep the cutting action cool. If the proper wheel is selected 
for a particular purpose, the size of the grains will be suitable and the 
grade of the wheel will provide that as soon as any grain ceases to cut, 
the extra pressure on its dull edges will break the bond that holds the 
grains together and uncover a new sharp grain which will cut 
efficiently. 


Diagram (6). Cylindrical grinding. Here the grindstone and the 
work rotate to produce finished work of a very high calibre. The work 
produced in this way is much rounder than can be produced on the lathe, 
and it is possible in this way to finish work which has been hardened to 
very close limits of size. 


Diagram (7). Milling. There are many methods of removing metal 
on the milling machine, but generally the cutter rotates while the work 
moves in a straight line past the rotating cutter. This is another example 
of continuous cutting, with a very big range of work with all sorts of 
cutting possibilities. It is in some ways similar to a grindstone because 
each cutting edge of the tool cuts off a small amount of metal as it 
rotates. 


Diagram (8). Sawing. The reciprocating saw, like the shaper, is 
intermittent in its action. High speed steel blades have increased the 
cutting speed of power saws. For many years this tool lagged behind 
when compared to other tools, but now with high speed blades and 
positive feed machines, it is much improved. But even yet the operation 
of severing metal is a comparatively slow one. Circular saws and 
abrasive wheels are being used for the purpose of cutting off bar stock 
to advantage. 


Diagram (9). Boring in the lathe (work not rotating). Here the 
cutter rotates on centres while the work is fastened to the carriage and is 
fed along to bore out the desired hole. 


Diagram (10). Boring in the lathe (work rotating). Here the boring 
bar is fastened to the carriage through the tool post and is fed by it into 
the work while it rotates past the cutter. Boring produces holes that are 
round, much more so than those produced by drilling. 
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PROCESSES USED IN THE MANUFACTURE OF STEEL 


The Bessemer Process. This process consists chiefly of removing 
nearly all the impurities from pig iron by blowing a current of air 
through the molten metal. It is essentially an oxidizing process, the 
molten iron is taken from the blast furnace, conveyed by ladle and 
poured into a pitcher-shaped vessel which is lined with fire brick called 
a “Bessemer Converter”. When the gases coming from the open end 
of the converter show by a change in colour that the impurities and 
carbon are burnt out, a special iron rich in carbon, manganese and 
silicon is added to give the steel the desired composition. When this has 
thoroughly mixed with the metal the converter is tipped and the metal 
is poured into a ladle from which it is run into ingot moulds. 


Bessemer steel is produced quickly and is used for the cheaper 
erades of steel, for rails and structural work, but for a better class of 
work the steel produced by the slower open hearth process is preferred. 


The Open Hearth Process. In this process the impurities in pig iron 
are oxidized by adding iron oxide, and diluted by adding scrap steel. 
The charge is placed in the open hearth furnace which consists of a 
brick room with a low arched roof above the hearth. The charge is 
melted by a flame passing over it which is a mixed hot blast of air and 
gas. 

Lime and other non-metallic substances are put in the furnace and 
melt forming a “slag” which floats on the surface of the metal and 
helps to refine it, and protect it from the direct action of the flame. 


Open Hearth Steel is used for bridges, the better class of structural 
steel work, armour plate and also for conversion into high grade tool steel. 


The Crucible Process. Crucible steel is produced by melting wrought 
iron or steel in a graphite crucible. The crucible is charged with equal 
quantities of the best puddled iron and scrap steel (usually ends 
trimmed from tool steel bars) or sufficient rich alloys and charcoal to 
make it meet the required analysis. 

The crucible is lowered into a melting hole and surrounded by 
burning coke. When melted the contents are poured into metal molds 
forming ingots of steel. 

This process is expensive for producing high grade steels and is 
being replaced by the electric furnace process. 


The Electric Process. This kettle-shaped furnace is lined with fire 
brick and has a low domed-shaped roof through which the electrodes 
pass. 
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The front is provided with a pouring spout and the metal is charged 
into the furnace through side doors. 

A very high current is sent through the electrodes which causes ares 
to form between the lower ends of the electrodes and the metal below. 
The carbon is almost entirely burnt out and the proper amount is 
introduced to procure a high-grade carbon steel or an alloy steel. The 
steels produced by this process cover a great range and are of excellent 
quality. 

The Cupola Furnace. This furnace is used for remelting iron or steel 
for casting into molds which have been prepared in the sand from wood 
or metal patterns. For cast iron a mixture of pig iron, coke and lime- 
stone is used and melted by means of an air blast similar to a blast 
furnace. 


SUMMARY 

Of the Qualities of Various Ingredients of Steel 
TRON sovscapiudasuah cteneetui sees teen paeces eee The basis of steel. 
CARBON 1242262 ie ee The determinative. 
POG PERE Eh Wiles caneeastensancs cstoustectenerseeen ve cece A strength sapper. 
FIPOSP POROUS. +, siv-snscvesnenti csusenersesteteess A weak link. 
OUXOY GBTIN,  idcsvesineeansespfeuieora Pus peer ae ee A strength destroyer. 
BEA INGEAIN ISIE) - .drsosacateecaatsonpsavoervssmotnerars To give strength. 
DRUG IML Gat sacevcieccecesoekeaseccanncaersnaee a eon eateeee For strength and toughness. ~ 
SSE TIN Grey MEIN © 5s ica Gade seinete x acunas ialerteenenee rants Hardener and heat resister. 
CERO MEUM vc .cccseneesrhccanererrn eee ane t estes For resisting shocks. | 
WEN NE 0 sta eeyasasseccctoseteeareaae Purifier and fatigue resister. 
SELLE GOING jascesedeoniedieptateve ts tition ane nia. Impurity and hardener. 
PEARL: 1... Bizasgattuniyenveviegtcssctae eae Removes nitrogen and oxygen. 
NEG IERY ESD) IN COMI g coccects basque estan satouee veseaeaase Hardener and heat resister. 
PLbrGeyiliy Wi wets cee otto erate sere eae ence ee Kills or de-oxidizes steel 


Note: 
CAST IRON is Crystalline in structure. 
WROUGHT IRON is Fibrous in structure. 
TOOL STEEL is Granular in structure. 
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Outline of Processes 














: | IRON ORE | 
PROCESS 
| BLAST FURNACE pear 
| PIG IRON | 
CONVERSION PROCESSES REMELTING PROCESSES 
| | 
1 BESSEMER 1 CUPOLA 
CONVERTER FURNACE 
Rails White Cast Iron 


Plates 
Structural shapes 


2 |BASIC OPEN 
HEARTH FURNACE 


Rails 
Plates 
Structural shapes 


CUPOLA 
3 [ACID OPEN 3 FURNACE 
| HEARTH FURNACE 
E Gray Cast Iron. Castings 
for Machinery 


2 ANNEALING 
FURNACE 


Malleable Cast Iron 








- | 
High grade steel 


4 ELECTRIC 
FURNACE 
I 


{ 
High grade steel 
Tool steel 


5 PUDDLING 
FURNACE 


Wrought Iron 


REMELTED IN 
6 CRUCIBLES 


Crucible steel 
Tool steel 


188 


MACHINE SHOP PRACTICE 





NAME 


VERY MILD 
STEEL 


MACHINE STEEL|.10% to .25% 


MILD STEEL 


MACHINE STEEL|.25% to .60% 


CLASSIFICATION OF STEEL 


(A) Carbon Steels 


CONTENT 


Less than .10% 


carbon 


carbon 


carbon 


FEATURE 


Very soft 


Soft, suitable for 


case-hardening 


Harder than mild 


steel. Can be 


partially hardened 


USE 


Rivets, pipe, chain, 
etc. 


Structural steel 
work, case hard- 
ened parts, bolts, 
etc 


Shafting car axles, 
automobile parts 





TOOL STEEL 60% to 1.50% Can be hardened For making tools, 
carbon and tempered springs, files, etc. 
(B) Alloy Steels 
HROME STEEL /|Carbon 9% Fine grain, Chisels, hammers, 
. (Low) Chromium .50% Very tough Axes 


CHROME STEEL 


(High) 


CHROME STAIN- 
LESS STEEL 





NICKEL STEEL 


CHROME NICKEL 


EEL Med. 2.5%N, 
= 1.00%C 
High 3.50%N, 
1.5%C 
CHROME- .30% carbon 
VANADIUM Chromium 1% 
STEEL Vanadium .20% 
CHROME- Carbon .50% 
VANADIUM Chromium 1% 
STEEL Vanadium .20% 
MANGANESE 12% to 14% 
STEEL anganese. 


Carbon 1.00% 
Chromium 1.25% 


Carbon 1.00% 
Chromium 
8% to 15% 


2% to .6% nickel 
Carbon 0.25% 





Carbon 1.5% 


Strong and hard 


Resists corrosion 


Low. 15%N, .60%C 





Hard, strong, 
elastic, ductile 


Strong and tough 





very suitable for 
case hardening 


Toughness and 
shock resisting 
qualities 


Toughness and 
shock resisting 
qualities 


Suddenly cooled it is 
ductile, slowly 
cooled it is brittle, 
opposite to high 
carbon steel. Re- 
sists wear, great 
hardness 





Balls and races 





Knives and exhaust 
valves 





Automotive forg- 
ings, armour 
plate, etc. 


Automobile parts, 
axles, gears, 
crankshafts, die 
blocks, ete. 


Structural parts 


ph 2 2 ee 
Springs and gears 


Switch points, 
dredge bucket 
teeth, safes 
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SILICO Silicon .2% Suitable for Leaf springs for 
MANGANESE Manganese .60%— | springs railroad and auto- 
STEEL 80 % motive work 

Carbon .50%—.60% 
HIGH SPEED Carbon .60%—.80%|Resists heat Cutters and tools 
STEEL Chromium 3.50%— 
4.00% 
Tungsten 12.00%— 
18.00% 
Vanadium .75%— 
1.50 % 

NON-SHRINKING |Carbon .80%—.90% |Low rate of expan- |Gauges, punches, 

OIL-HARDENING |Vanadium .20%— sion and contrac- dies, taps, etc. 
STEEL 25 % tion in hardening 


Manganese 1.40 %— 
1.60 


Oo 








(C) Non-steel Alloy 














STELLITE Cobalt 60% Cast, very brittle, |Tool bits 
Chromium 1% cuts at red heat 
Molybdenum, 23% 
No Iron 
(D) Iron 
CAST IRON 3% to 5% carbon|Hard skin, soft in- |Beds of machines 
(in graphitic form)| terior, brittle, high} and shaped parts 
compressive which do not have 
strength and to resist a great 
cheap, crystalline strain 
structure 
WROUGHT IRON Very little carbon |Fibrous structure 
or 0.05% to 0.38% and tough, fairly 
PUDDLED IRON |(in cementite form) se bends 
easily 





oT eZ 





(F) 
ee eee 
CEMEN TED Carbon, Extremely hard, For cutting tools 
TUNGSTEN Tungsten, very expensive 
CARBIDE Cobalt 





a . .MRN\w.woCO SS —S———— ee 
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If gear and pinion blanks of a certain approximate diameter were 
required of a certain definite ratio, what points would you consider 
as to whether large or small teeth should be cut on them? 

What do you understand by: (a) Diametral pitch, (b) Circular 
pitch ? 

Sketch a gear and pinion showing only, pitch circle, addendum, 
whole depth, module. 


Show by means of a sketch, how the base circle is obtained, make 
an enlarged sketch of 2 teeth showing the different parts of the 
tooth face with the names of the parts. 

Show approximately by means of a freehand sketch the difference 
in shape between a cutter used for a small pinion and one used for 
a large gear of the same diametral pitch. 


Sketch freehand 8 involute curves as generated from the base cir- 
cle of a gear. What do you know about the distance between these 
curves if measured at a tangent to the base circle? What use is 
made of this fact? 


If you are given a pinion with the number of teeth and the outside 
diameter: Design a gear to mate with it. Ratio 2 to 1 with the 
pinion. 

Find :— (a) Number of teeth in gear, (b) Outside diameter of gear, 
(c) Diametral pitch, (d) Circular pitch, (e) Thickness of tooth, 
(f) Addendum, (g) Clearance, (h) Whole depth, (i) Pitch 
diameter, (j) Centre distance. 


State 3 methods of finding Diametral pitch of a gear. 

State 3 methods of finding the pitch diameter of a gear. 

State 3 methods of finding the outside diameter of a gear. 

If a gear were handed to you, how would you find the diametral 
pitch of °t? 

Make a vernier with 2 pieces of paper, the main scale having 10 


divisions to the inch, and the vernier reading in hundredths of an 
inch. 


Explain how a micrometer is designed to measure correctly to 
1/10,000” ? 

Define Annealing, Normalizing. 

Define Hardening, Tempering. 

Define Carburizing, Cyaniding, Case-hardening. 


What carbon content would you select for the following uses :— 
Cold chisels, Drills, Taps, Turning tools, Hammers? 


What is the approximate Hardening Heat of the following Car- 


bon Content tool steels? (1) 70 point carbon, (2) 80 point carbon, 
(3) 90 point carbon, (4) 100 point carbon? 
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Should steel be quenched outright in cold water? Should the 
steel be left in air without tempering? Give reasons for your 
statements. 

What approximate temperatures would you use in tempering carbon 
tool steel: (a) To relieve strains only? (b) To relieve strains and 
reduce brittleness? (c) To relieve strains and to toughen? What 
tempering medium would you use for each? 

What approximate temperature would you use when tempering 
lathe cutting tools, Scrapers, Hammer faces, Hand taps, Milling 
cutters, Twist drills, Cold chisels, Screw drivers? 

Make a line diagram to illustrate the Decalescent and Recalescent 
points in the heating and cooling of steel. Indicate on the diagram 
the hardening heat of the steel. 

What apparatus would you use to prove that a piece of steel 
contracts while heating when at the Decalescent point, and expands 
when cooling at the Recalescent point? 

Explain the phenomena of the “Critical points” or “Transformation 
points” when heating tool steel. 

Make line diagrams to illustrate Annealing, Normalizing. 

Make a line diagram to illustrate Hardening and Tempering. Show 
Heating time, Cooling time, Heating and Cooling temperatures, 
time for holding temperature approximately. Draw lines to show 
room temperature and Hardening Heat or Critical period. 

Why is it necessary to Anneal tool steel? What qualities does it 
give to the steel? 

What kind of work do your Normalize? What is the purpose of 
this operation? 

What is the effect of: (a) Prolonged heating of tool steel? (b) 
Rapid heating of tool steel? (c) Impinging heat on one portion of 
tool steel? 

State some reason for eracks occurring when hardening tool 
steels. 

Discuss the heating of tool steel which has: (a) Large and small 
masses, (b) Work with holes drilled in it. 

Why does the correct shape of work help to prevent hardening 
eracks? 

How would you harden a milling cutter to leave the cutting edges 
file hard, and the centre tough? 

Why should work not be left exposed to the air after quenching to 
harden? Why should the work be tempered immediately after 
hardening ? 

How should the following work be quenched? (a) With a large and 
small masses, (b) Flat work. What are the effects of improper 
quenching ? 

What is the effect of: (a) Overheating steel? (b) Not heating steel 
sufficiently ? 
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38. What are the advantages and disadvantages of the following 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


47. 


48, 


49. 


50. 


ol. 


oO 
i) 


4. 


equipment for use in Hardening Steel? (a) A Forge fire, (b) A 
Gas forge, (c) A Muffle furnace (gas or oil), (d) A Lead bath, 
(e) A Salt bath, (f) An Electric furnace. 


Describe a Thermocouple and a Pyrometer for measuring the tem- 
perature of a furnace. 


How would you test the Hardening Heat of Steel without a tem- 
perature testing instrument? 


Discuss the advantages and disadvantages of tempering (a) By 
colours, (b) with thermometer ? 


What is the effect of hammering steel: (a) When hot, (b) When 
cold ? 


Why is steel often heated in sealed boxes instead of heating in a 
fire or furnace? 


Define the following conditions of steel: Austenite, Martensite, 
Troostite, Sorbite, Pearlite. 


What effect does the quenching rate have when withdrawing heat 
from steel when quenching to harden the steel? 


(a) What condition is steel in when quenched in water from the 
proper hardening heat? (b) What defects does the steel have in this 
condition?:(c) Why is it advisable to test the steel with a file after 
quenching ? . 


What do fractures indicate to an operator when testing the effect 
of the hardening operation? 


What are the chief reasons for tempering steel after hardening? 
What conditions may be obtained by this process? 


Make line diagrams showing the mechanics involved when using 
the following tools: (a) A File, (b) A Tap wrench, (c) An ordinary 
wrench, (d) Removing a faceplate of a lathe with a lever. 


Show by means of a line diagram the mechanics of the following 
lathe tool positions: (a) A tool turning metal, (b) A tool cutting 
above the centre of the work and one on the centre of the work. 


Explain why a tool holder should be set if possible in a position to 
to turn away from the work, not into the work, if the tool happens 
to move. 


Show the effect of the chip pressure on a lathe tool: (a) With front 
rake, (b) With a negative front rake. 


Why should a tool never be allowed to cut so that pressure occurs 
on two sides of an acute angle at its cutting edges, when seen in 
profile ? 


Make simple sketches showing the following tool operations. Turn- 
ing. Boring with work rotating. Boring with tool rotating and 
work stationary. 
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Make simple sketches showing the following operations :—Planing 


on the Shaper. Planing in the planer. Milling with plain mill. 
Cylindrical grinding. 


Explain briefly the properties and uses of the following metals: 
Wrought Iron, Cast Iron, Cast Steel, Machine Steel. 
Describe the features and uses of at least four alloy steels. 


Describe the features and uses of the following cutting mediums. 
Carbon tool steel, High Speed Steel, Stellite, Tungsten Carbide. 
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TEMPERATURES FOR FORGING AND 





HEATING FOR FORGING. 


HARDENING. 





Temper.| Carbon. Mastin Manimntim 
Colour. Temperature. 











Centigrade. Fahr. 





Heatine FOR HARDEYING. 
Maximum Maximum 
Colour. Temperature. 


| 


leet Fahr. 


J 14% | Bright 825° 7577° | Blood or low | 780° 7346° 
herry Red Cherry Red | 
2) 2%] » 825° 71517° ‘ | 780° 7346° 
3 14% | Full Red 850° 7562° | Medium 750° 7382° 
Cherry Red 
4 1% 2 850° 7562° | 55 760° 7400° 
5 $% ” 850° 7562° | Cherry Red 780° 71436° 
6 #% ie 850° 7562° 55 780° 7436° 
TEN PERING 
) 
TEMPER COLOUR. CENTIGRADE. | FAHRENHEIT. 
Light Straw 220° 428° 
Straw 230° 446° 
Dark Straw 240° 464° 
Brown Yellow. . 255° 497° 
Red Brown 265° 509° 
Purple : 275° o27 - 
Purple Blue .. a si 285° | 545° | 
Full Blue 995° | 563° | 
Pale Blue ..  ...—Ssi«. 310° 590° | 
Grey a a0 r a 
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Tapers and Angles 





Taper Included With Center Line Taper per 


to Re es Oar 
Deg. | Min. | ‘Sec. | Deg. | Min. | Sec, Line 
4% 0 35 48 0 17 54 .010416 005203 
346 0 53 44 0 26 52 015625 .007812 
4 1 11 36 0 35 48 020833 010416 
S46 1 29 30 0 44 45 026042 013021 
%% 1 47 24 0 53 42 031250 .015625 
vic 2 5 18 1 2 | 39 036458 .018229 
4 2 23 10 1 11 35 | .041667 .020833 
%e 2 41 4 1 20 32 | 046875 023438 
% 2 59 42 1 29 51 052084 026042 
Whe 3 16 54 1 38 27 057292 028646 
34 3 34 44 1 47 22 062500 031250 
1846 3 52 38 1 56 19 067708 033854 
% 4 LOpueoz 2 5 16 072917 036456 
1546 4 28 24 2 14 12 078125 .039063 
1 4 46 18 2 23 9 .083330 041667 
1% 5 57 48 2 58 54 . 104666 052084 
1% Zi 9 10 3 34 35 125000 062500 
1% 8 20 26 4 10 13 145833 072917 
2 9 31 36 4 45 48 166666 083332 
2% 11 53 36 5 56 48 . 208333 104166 
3 14 15 1) tf 7 30 250000 125000 
314 16 35 40 8 17 50 291666 . 145833 
4 18 55 28 9 27 44 333333 166666 
4% 21 14 Z 10 37 1 . 375000 187500 
5 23 32 12 11 46 6 416666 . 208333 


DH 
we) 
Qo 
> 
1) 
—_ 
ix 
tb 
bm 


. 900000 - 250000 
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HARDNESS VALUES of METALS 
for the 


OSCLEROSCOPE. 







SHORE 





NICKEL, WROUGHT 
MILD STEEL( Qo fe"! 
{RON GRAY Se 


‘EONGSTEN 
IRON GRAY, lL, 













40 60 | 60 108 
25 
30 





30 
45 
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— MARDRESS SCALES .— 
COMPARED 


METAL ae eroscope 
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: 
2 . fMaxt- [Mini- Width |H a 
mum | mum. |Heig Lengt eight| ™* sae des 
. \Width |Herght 
(Inclusive) W - Cc. 5) E.  |(Minus) (Plus. 
ee, Wa pee Sb |e iar 
Pek] e [4 [Ee] ape poooon 
Sag Bi |, ine Inga eel 
c/a lala lala mb 


_ 





|w 


o 
a 


BI | Ok 
So | 8 
Di= 
= 


o | ole 
wy 
oe 


| ater 
2 = 
geo | al 
5 
Or 


tw OO 
wi 


~m~ |] Ww 


0.0030|0.0030 
0.0030|0.0030 


| jg [0-0030}0.0030 







ON 

tw 

oo | BI 
vse 


&® 
S| 
los | 
fe 


O|N 
+ 
di 
E 






3 
pio 
o 
i= 
= 
je 
ny 

: me 
N 





o>) 
Bie 
o 


nDi- 
wi- 
tw 
w|— 
ES 
ES 
iB 
9 
1 ee) 

oO 
a 
oO 
oO 
G 

ee 
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INVOLUTE EPICYCLOIDAL 
CUTTERS CUTTERS 


LY, 


on 


of rey i 
Cutler Zeelh Culler 7eelh 


(BO to Feack 
80 to /SF 
55 fo 15F 
42 to SF 
BS to SF 
FO to SF 
26 to OF 
Zola 
el okee) 
/2 to 20 
iE eae. 
i Wo TE 
IG to 16 
LS 

lL -OS) 


19 

20 
ol to Ce 
23 to oF 
ZO to 76 
BIG Zg 
OO to SS 
OF to 37 
IB to $2 
FS to FO 
JO to SP 
60 to 74 
7S to 99 
100 twlF9 
190 (BT? 
L50 or more 

Lock 





MSN LA Oa, 2 See Se SS Oe DS 
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ft. 


Taper .600 per 


MANDREL DIMENSIONS. 














| | pe | 
mon NI = | oe 















































SOE Pee 
jo yydoq | aa | 



















































































































































































































































































rome | ic |] | ot] |B] oB | |B] | BI = ce] | 8] 5B) oF 
moma] oe] ow 98 | | | wm] oR | oe] oe] oe | we | me | AE] oe | 
rede, | eal, eee a eae eee tes eee 
go wsvoT | | aS | aS] oo | PP SEL SY SF HS [i | eo | [co PE | | on 
| 
a : : a | te] ato | we | te] at | se | 
SERS] |] B) By Re) Se] Re) se) E/E) ELS os 
ow ma] mf] FE) mf mmp mE) | ep eR 
re Pe ee ea eS ae 
red |] SY] Rhino | BY BLB of Sl n [Fl olSlal Fos 
ogo | A! | te} aa of ao | | ewe | ape | see tel eer iets. 
[euro 7, . a ae mim fata tie 
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Nore TARPDRILL SIZES —- 75, DEPTH THREAD 


U.S. Standard Thread 














S.A.E. Standard Thread 







































































































































































Size 

Di hee eae Teer |e | meee 
eis) 2a? People as vz” | .04639 
Dorie a’ (its a) 2 ee ee 
Wicuis jo ene ee? toe aa eae 
09278 | 3” if Ol So ge opaas 
09902 | a” | 13 | 3” | 20 | 22” | 06495 
10825 | a” | 12 | »&” | 18 ss” | 07216 
41309 | 3g” | 11 | =” | 18 | a2” | o7o16 | 
rie eee eee ie 3” | 08118 
“poe | io |’ a8 uw” | 08118. 
16237 | #” | 8 |W 14 18” | 09278 
13557 | 92” | 7 | ta” | 12 | 1a” | 10895 
eave” |e \ae | ie tae a) eas 
~ 21650 | les” | 6 | 18” 12 | tae” | 10825 
91650 | lax” | 6 |13” | 12 | 1az” | 10895 


nee 
ee aT 
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Whitworth Standard Threads 


1 
p =pitch = ————————__ 
Formula No. thds. per in 
d=depth = pX.64033 
r=radius = pX.1373 





3 No. ; No. : No. : No. 
Diam,. | Threads || Diam. Threads || Diam., | Threads || Diam.. | Threads 
Inches | per Inch. nches. | per Inch. |} Inches | per Inch. || Inches. | per Inch. 


eee | erm J] te fe |] ee | ff 


MY 20 q 9 2 4144 | 314 314 
46 18 Ge aa 2% 4% | 3% 374 
 &% 16 1 8 24 4 34 314 
Y~6 14 ZA 2 | 4 3% 314 
Vy 12 Ded hig 244 | 4 334 3 
% 12 13%, | 6 254 | 4 31% 3 
5% 11 114% | 6 234 | 3% 4 3 
V4 11 154 | 5 2% | 3% 
4 10 LA 3 3% 
18% 10 1% | 4% 34a | 3% 


British Standard Fine Threads | 


(Formula same as Whitworth Standard) 





( 1 
A }= Pi ee 
' Formula No. thds. per in. 
WYWHY) Seal d=depth = pX.64033 
ie) r=radius= pX.1373 

















Number Number 











Diameter, of Threads ee of Threads 
Inches. per Inch Inches. per Inch. 
‘A 34 12 
9 % 13/6 12 





11 
10 
9 
8 
8 
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Acme Standard Screw Thread. 


Co ( 

pes iP TT a ———— 

ry 2S! uss No. thds. per in. 

US A G / 

LY re d=depth = 84pX.010 

yy |f=flat on top of thread = pX.3707 


we 4 jal F |f=flat on bottorh of thread = 
pX.3707—.0052 


; No. of Depth Width at Width at Space at Thickness 
Pitch. Threads of Top of Bottom of Top of at Root of 
per Inch. Thread. Thread. Thread. Thread. Thread. 















2 es .7414 7362 1.2586 | 1.2637 
1% 845 .6950 .6897 1.1799 | 1.1850 
ba 44 .6487 6435 1.1012 | 1.1064 
1% Y3 .6025 5973 1.0226 | 1.0277 
1% %, 5560 5508 .9439 .9491 
LAG 1645 5329 5277 .9046 .9097 
1% 4 5097 5045 8652 .8704 
1 i, 1644 4865 .4813 8259 8311 
1 4f .4633 .4581 .7866 .7918 
1 % 1644 .4402 .4350 Gp 7525 
1% 84 .4170 .4118 .7079 ABA 
1\&% 164 .3938 .3886 6686 .6739 
1 1 .3707 3655 .6293 .6345 
15/6 1; 3476 3424 5898 5850 
% 1% .3243 3191 5506 5558 
13/6 1%; .3012 2960 5112 | .5164 
34 ue .2780 .2728 .4720 AzZ72 
ly 1% .2548 2496 .4327 .4379 
2 es 2471 2419 .4194 .4246 

54 1 % 2316 2264 3934 3986 
% 1 % 2085 2033 3529 3591 
Y% 2 1853 1801 3147 3199 
VY 2 % 1622 .1570 2752 2804 
2f pV .1482 .1430 2518 2570 
3% 2 % 1390 .1338 2359 aaa 
VW, 3 1235 1183 2098 2150 

Ke 3 Y .1158 1106 1966 2018 
24 3 4% 1059 .1007 .1797 1849 
\y 4 .0927 .0875 1573 1625 
% 4% .0824 0772 1398 1450 

Vy, 5 0741 .0689 .1259 A311 
vie 5 .0695 .0643 1179 {1239 
\ 6 .0617 0565 1049 1101 

4 7 .0530 .0478 .0899 0951 
We 8 0463 0411 0787 0839 
4 9 .0413 .0361 .0699 .0751 
Vo 10 .0371 .0319 .0629 .0681 
ly. 16 .0232 .0180 .0392 .0444 





204 MACHINE SHOP PRACTICE 


DECIMAL EQUIVALENTS OF PARTS OF AN INCH 





a;... .01563 21... 32813 45... 70813 
tess ogtes. |} a B4875 | 28... T1875 
2... 04688 23° 35988 47. 73438 
jones 06250 | 3-8...... 37500 4 Beta as 75000 
&... 07813 25... 39063 49. 76563 
ae 093% | #2)... 40625 | 25. .... 78125 
2... .10988 27 49188 51. 79688 
ico: 12500 | 7-16... _. 43750 | 13-16.... _81250 
2... .14063 20. 45818 53. 82813 
ae 15625 |. 3s ‘46875 | 220... 84375 
1117188 3148438 55. 85938 
ies .... iS750 |. 10: 50000 | 7-8... ... 87500 
me. 720318 33. L568 52 89063 
a AOR ee oe 53105 |) Geo 90625 
"1s 93438 a5. 54688] 88... 92188 
hae. 25000 | 9-16..... 56250 | 15-16... .98750 
12 26568 27... 57813 $1... 95313 
ar 98195} ie... 59875) “Sa 96875 
5-16 Se 31250 5-8 a. 62500 1 ae 100000 
TT ae | bn eae 625001 f-.. 00000 

41... 64063 

at 65625 


43. 67188 
11-16.... .68750 
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DIFFERENT STANDARDS FOR WIRE GAUGES 
Dimensions of Sizes in Decimal Parts of an Inch 


or 


or 
Iron Wire 


_ British 
Imperial Wire Gauge 
Gauge 


Steel Wire 
Gauge 
Iron and Stee! 


Number of 
Wire Gauge 
American, 
and Brass) 
(Drill Rod) 


Brown & Sharpe 
(Sheet Copper 


(Iron Telegraph) 
Stubs’ Steel Wire 
Co.’s Music Wire 
for Sheet and Plate 


Birmingham, 


Stubs’ 
U.S. Standard Gauge 


New American S & W 


\ 


.028125 
.025 » 
.021875 
.01875 
.0171875 
.015625 
.0140625 
.0125 
.0109375 
.01015625 
.009375 
.00859375 
.0078125 
00703125 
006640625 





° 


If CARBON STEEL. 
Time (minutes) 


id 
Xx 
o 
IH 
Cc 
x 
a 
a 
z 
fe) 
by 
al 
< 
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CRITIC 


(a see qunqousdway, 
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FLAT TOP and BOTTOM 
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Briggs’s Standard Pipe Thread 


PERFECT BOTTOM-FLAT TOP 





4 THREADS- CHAMFER™ 
IN DIE. : 








Pipe Diameters 





Pech dee 

-3 2 SA ss 

as Fe | 86 

Z, < < 

ly] 0.270} 0.405 
44| 0.364) 0.540 
32| 0.494) 0.675 
4] 0.623} 0.840 
341 0.824); 1.050 
1 b048) 1.315 
114] 1.380} 1.660 
1144} 1.610; 1.900 
2, 22067) 2Zearo 
214| 2.468} 2.875 
3 o,00n! 3.000 
31%! 3.548} 4.000 
4 4.026}; 4.500 
414} 4.508} 5.000 
5 5.045) 5.563 
6 6.065) 6.625 
7 L028) 72025 
8 7.981| 8.625 
9 8.941] 9.625 
0 {10.020} 10.750 


1 


Depth of 
Thread 


044 
044 
.057 

057 


.069 
.069 
.069 
.069 
. 100 


. 100 
. 100 
. 100 
. 100 
. 100 


100 
100 
-100 
100 
-100 


per 


Na. Threads 
Inch 


CMOnOnwmmwn woMmmwmc 


Inches 


No. Turns Pipe 
Screws into 
Fitting by Hand 

No. Turns to be 


RS 


CWowwds NHeeE oe 
—_ 
bo 


Crider or Orr O1rdor1 orci He RR 
me 
DARN 


x 


— 
Oo ON 






Made with 


Wrench 
Inches Pipe 


a“ 


33 TA 


Screws into 
Fitting 


ft pet pet pet pet bt pet pet pet et Soe] Sooge 


_~ ToOPand BOTTOM. 





Ooomo ar wlbre 
Ore OC Or -HOOOSo 


ORMWMWOO NNO Crore 
o> 
~J 


“2 THREADS. ~~ ~—_— PERFECT THREAD 


PER 


pe) 


Screws into 


No. of Turns Pi 
Fitting 
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ALLOWANCES FOR FITS 


HIGH LIMIT |\-0- -0 -0020 |-0 :00285 |-O- 
-0 - 0042 |-0:0050 |-0- 
TOLERANCE | 0- 0018 | 0° 0022 | 0-0025| 0: 


|fUIGH Ldimgy . 0012 |-0:0015 +0 -0020 
LOW “w * . -0 025 |-0-0030 
TOLERANCE . “01093 0= DOTS 


FUGH LIne . -Q007 |+-0-0010 
LOW ”" . . -0015 +0: 0020 
TOLERANCE | (0: 0008] 0+ 0090} 0-0018) O- 
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MACHINE SCREW THREADS 








sae Pa Drill No. Drill Dec. Dall 
2 56 48 093 42 
3 A8 44 104 87 
4 36 Al 120 31 
5 40 36 136 29 
6 a2 a8 144 27 
7 82 30 .157 22 
8 32 28 .169 18 
Q a2 24 185 13 
10 32 20 .196 9 
10 24 23 .196 9 
11 24 19 213 3 
12 24 15 .228 1 
14 24 6 250 4 
14 20 10 250 \y 





INDEX 
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BOOK TI 


Abrasives, natural and artificial, 105, 
106, 107. 

Acme Standard screw thread, table 
of, 203. 

Acme thread, cutting 67, 68, 69. 

‘Acme thread’ guage, 67, 69. 

Acme thread tools, 69. 

Addendum of a gear, 154, 155, 156. 

Air vents for babbitting bearings, df 


3. 

Alligator belt lacing, 5, 6. 

Allowance for reaming, 40. 

Allowance for fits, 208. 

Alloy steels, features and uses, 192. 

Alundum, 105. 

Aluminum in steel, 190. 

Aluminum oxide, 105. 

“Aloxite”’, 105. 

Ammonium Chloride, use of, 12. 

Anchor holes for babbitt in bearings, 
2,3. 

Angle, clearance, 112, 113, 116, 117. 

Angle, cutting, 115, 117. 

Angle of spiral, 95, 96, 148, 149. 

Angle plate, 145. 

Angle of tool bit in toolholder, 115, 
ELT. 

Angle, rake, 112, 118, 114, 117. 

Angle, slant of thread, 49, 51, 64, 65, 
66. 

Angles and corresponding tapers, 
table of, 195. 

Angle, measurement of, 144 to 149, 
159, 160. 

Angle, turning, 144 to 149. 

Angle, calculation of, 144 to 149. 

Angular planing on a shaper, 80, 81, 
82, 


Annealing steel, 161, 164, 165, 173. 
Antimony, use of, in Babbitt, Zs 
Apron mechanism of lathe, 31, 32, 33. 
Arbor of milling machine, 95. 
Artificial abrasives, 105, 106. 
Automobile thread. See S.A.E. Std., 
201. 
Austenite, 166. 


Babbitt metal, composition of, 1, 2. 
Babbitting a bearing, 1, 2, 3 
Backing belt, 62. 


Back rest, use of, 128, 129. 

Base circle of a gear, 154, 155. 
Basic open hearth furnace, 185, 189. 
“Balling” when hard soldering, 14, 15. 
Bauxite, 105. 

Bearing, scraping a, 16, 17, 18. 
Belt, leather lacing a, 4, 5, 6. 
Belt, metal fasteners for, 5, 6. 
Belt, cemented joints of a, 4, 5, 6. 
Belt, cutting, to length, 6. 

Belt, direction to run a, 4, 5. 

Belts, single and double, 5 

Bearings, types of, 1, 3. 

Bessemer converter, 185, 187. 

Bevel protractor, 159, 160. 

Bismuth, use of in Babbitt metal, 1, 2. 
Bits for tool holders, 116, 117. 
Body size drill tables, 209. 

Body clearance of a drill, 21, 23. 
Bond of an abrasive wheel, 106, 107. 
Boring ae lathe, 64 to 69, 122, 128, 


: , 

Boring tapers, 147, 148. 

Boring threads, 64, 65, 67, 69. 

Boring tools, 122, 128. 

Borax, use of, 13. 

Bore size for square thread nut, 64, 
65. 

Bee turning, 12, duis; Li, 2, ize, 
127 


Brass drilling, 22. 

Brass turning, tool for, 112 to 117, 
121, 123, 180, 181. 

Brazing, 18, 14, 15. 

Briggs standard pipe thread table, 
AVE 

British standard fine thread, 202. 

Brown & Sharpe taper, 88. 

Brown & Sharpe Index head, 88, 89. 

Bull gear of shaper, 79. 

Calculating for gear tooth propor- 
tions, 156, 157. 

Calculating ‘cutting speed of shaper, 
78. 


Calculating gear ratios, 132, 138, 184. 

Calculating gear ratios for thread 
cutting,. 1385, 136, 137. 

Calculating angle of tool for thread 
clearance, 65, 66. 
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Calculating for plain indexing, 88, 89, 
90. 


Calculating for differential indexing, 
100, 101, 102. 
Calculating gears for spiral milling, 
94, 95, 96. 
Calculating angle of spiral, 96, 148, 
9. 


Calculating problems on square and 
circle, 188, 139, 140. 

Calculating trigonometry problems, 
141 to 149. 


elaine for use of sine bar, 145, 
4 


Calculating angles for compound slide 
rest, 147, 148, 149 

Calculating diameter of broken gear, 

Calipers, vernier, 158, 159, 160. 

Calipers, thread, 58, 59. 

Calcining, 13. 

Cape chisel, 7, 8, 9. 

Carbon steel, method of manufacture, 
185, 187. 

Carbon content of steels, features and 
uses, 188. 

Carborundum, 105, 106. 

Carburizers, 161. 

Carburizing, 161. 

Cardboard, use of, 1, 3. 

Carriage, details of ‘lathe, 31, 32, 38. 

Casehardening, 161. 

rs. iron, shaping, 109, 110, 111, 124, 
125. 


Cast iron, chipping, 7, 9. 

Cast iron, method of manufacture, 
185, 186, 187, 189. 

Cast iron, turning, 41, 42, 109, 110, 
LY, Uy. 

Cast iron, its features and uses, 189. 

Celluloid, use of for templates, 35, 36. 

Cemented belts, 4, 5. 

Cemented Tungsten Carbide, 115, 189. 

Cementite, 166. 

Centre distance of gears, 157. 

Cent:e gauge, 58. 

Centre holes for mandrel, 37, 39. 

Centre holes for an eccentric, 48, 44, 
45, 

Centre square, use of, 48, 45. 

Centre hole reamer, 44, 45. 

Change gears for lathe, 46, 47, 133, 
137. 

Change gears for spiral milling, 94, 
95, 96. 

Change gears for differential index- 
ing, 97 to 102. 

Charcoal, use of, 2, 14, 15, 185. 

Chip, features of, L118, 119,220, 

Chip, how to control, 124, 125, 126. 

Chip pressure, 124 to 126, 179 to 181. 

Chipping, operation of, 7, 8, 9. 

Chisels, various kinds of, 8, 9. 


INDEX 


Chasing dial, 61, 62, 68. 

Chrome steel, its features and uses, 
188, 189. 

Chromium in steel, 186. 

Chucking reamers, 40, 41. 

Circles, divisions of, 138 to 148. 

Circular, forming tool, 128, 129. 

Circular pitch of a gear, 153 to 157. 

Clamping work on shaper, 83, 85. 

Clapper box of a shaper, 81, 82, 83. 

Clay, use of, 1, 3. 

Clearance angles of drills, 22 to 29. 

Clearance angles of lathe tools, 112 
Go 227. 

Clearance angles of shaper tools, 84, 
85, 112, 113 

Clearance angles of square thread 
tool, 64, 65, 66 

Clipper belt hooks, 5,6; 

Cleaning metal previous to soldering, 


Cold working steel, 178. 

Cold chisels, 7, 8, 9. 

Combustion chamber in a furnace, 
70, 271, 

Combination drill and countersink, 40, 


Al. 
ei aa gearing, 46 to 48, 132 to 
37 


Compound slide rest, cutting threads 
with, 50. 

Copper oxide, 10, 11. 

Copper, soldering, 10, La; 12. 

Corundum, 105. 

Colour scales for tempering, 163, 194. 

coe for Forging and Hardening, 


Colophony, use of, 12. 

Conic recess for drill testing, 28, 29. 
Couple, 176, 177. 

Cosine, 141, 142, 148. 

Co-tangent, 141, "142, 143. 
Cow-mouth chisel, 8, 9. 

Crank shaper, 77, 78, 79. 

Critical periods, 161, 164, 165. 
Cramp seam, 14, 15. 

Crank pin of shaper, lg hee 

Crank pin of index head, 88, 89, 97 


’ 
’ 


Cross feed of lathe, 31, 33. 

Cross feed screw of athe, 31, 33. 
Crucible steel, 185, 

Crystalline ages 1, 173, 186. 
Crystalline aluminum oxide, 105. 
Crystolon, 106. 

Cup wheel, use of, 186, 187. 
Cupola furnace, use of, 186, 187. 
Cutting speed of shaper, 78. 

Cut, roughing, 124, 125. 

Cut, finishing, 124, 125. 

Cuts, depth of, for threading, 50, 51. 
Cutting Acme threads, 67, 68, 69. 
Cutting, compound, use of, 50, 182. 


INDEX 
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Cutting square threads, 64, 65, 66. 

Cutting U.S.S. threads, 49 to 53. 

Cutting Multiple threads, BO TT? 

Cutting Inside threads, 64, 65, 67, 69. 

Cutting tools, angles of, 112 to 117. 

Cutting tools for lathe, 109 to 129. 

Cutting tools for shaper, 80 to 85. 

Cutting tools for different metals, 
Tras Ge Ta: 

Cutting tools, forged, 115, 116, 117. 

Cutting tools, forming, 34, 35, 36, 
128, 129. 

Cutting tools, goose neck, 84, 85, 124, 
125, 126. 

Cutting tools, grinding of, 109 to 129. 

Cutting tools for threads, 55, 56, 57. 

Cutting tools, patent, 55, 56, BT. 

Cutting tools, setting, 52, 53, 54, 64, 
65, 67, 69. 

Cutting tools, spotting, 40, 41. 

Cutting tools, spring, 34, 35, 36, 55, 
57, 88. 

Cutting tools, roughing, 124, 125. 

Cutting tools, finishing, 124, 125. 

Cutting tools, for squaring shoulders, 
32, 123) 127; 1285 129. 

Cutting length of belt, 6. 

Cycloidal gear cutters, 199. 


Decalescent point, 164, 

Decimal equivalents of an inch, 204. 

Decarbonization of steel, 167, 169. 

Dead centre of a drill, 22, 23. 

Dedendum of a gear tooth, 154. 

Depth of cut when threading, 50, 51. 

Dial indicator, 61, 62, 63. 

Diamond point cutting tool, 109, 110, 
Heth 123; 

Diamond point chisel, 8, 9. 

Diametral pitch of a gear, 153. 

Differential indexing, 97 to 102. 

Differential ratio, 78, 100, 101, 102. 

Dimension of U.S.S. thread, 58, 59, 60, 
201. 

Dimension of Square thread, 65. 

Dimension of Acme thread, 69. 

Direct indexing, 88, 89, oe 140. 

Direction to run a belt, 5, 

Distance across flats, 138 139, 144, 
145. 


Distance across corners, 138, 139, 144, 
145 


Dividing gear, 133, 134. 

Dog, lathe, 38, 39. 

Double threads, cutting, 70, 71. 
Dovetail, cutting a, 81, 82 
Drill, combination, 40, 41. 
Drills, 21, 22, 40, 41, 122, 123. 
Drill ‘grinding, D1 to 30. 
Drill-holder, 40, 41. 

Drilling in lathe, 40, 41. 

Drills for brass, 22. 

Drill, tap sizes for U.S.S. thread, 201. 


Drill, tap sizes for S.A.E. thread, 201. 

Drills, twist, 21, 22, 23. 

Drill point gauge, 22, 23. 

Drive fit, 208. 

Driver gears, 132 to 137. 

Driving large work on a mandrel, 38, 
39, 


Eccentric turning, 48, 44, 45. 

Eccentric, throw of, 45. 

Eccentric, laying out, 48, 45. 

Elastic process of abrasive wheel 
manufacture, 106, 108. 

Electric furnace, use of, 185, 187. 

Emery, 105. 

Engine lathe, 31, 32, 33, 135. 

Etching steel, 37. 


Even geared lathe, AG. 61. 71, FZ; 
136. 


Face of a gear tooth, 155. 

Facet of chisel, 7, 8, 9. 

Facing tool, 41, 42, 122, 123. 

Factorizing for compound gearing, 
94° 96. 102, 185, 1s6. 

Fastening a belt, 4, 5, 6. 

Feed mechanism, 31, 32, 33. 

Feed, cross, of lathe, 31, 32, 38. 

Feed, long, of lathe, 31, 32, 33. 

Ferrite, 164, 166, 173, 174. 

Ferrous metals, 187, 188, 189. 

Fibrous structure, 186. 

Fillet of a gear tooth, 154, 155. 

Fillet, general use of a, 42, 155, 168. 

Finishing cut on lathe, 124, 125. 

Finishing cut on shaper, 84, 85, 124, 
L25. 

Fire-clay, use of, 168. 

Fits, kinds of, and allowances, 208. 

Flank of gear tooth, 155. 

Flat scraper, 16, 17. 

Flat surfaces, scraping, 16, 17, 18. 

Flesh side of belt, 4, 5. 

Floating fulcrum, 78, 79. 

Bluterotia drill2"> 23. 

Fluting a reamer, 91, 92, 93. 

Flux for soft soldering, 10, ak, 

Flux for hard soldering, ce 15. 

Fluxes, composition of, and uses, 12. 

Follower gears, 132 to Sie 

Force fit, 208. 

Forge, use of the, 167. 

Forged lathe tools, 115, 116, 117. 

Forming on a lathe, 34, 35, 36, 128, 
129. 


Forming on a shaper, 81, 82. 
Forming tools, 34, 35, 128, 129. 
Forming, rough, 34, 35. 
Forming, finish, 34, 35. 
Forming, tool, spring, 35, 125. 
Forming tool, skiving, 128, 129. 
Forming tool, circular, 128, 129. 
Friction clutch, 32, 33. 
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Front clearance, 112, 113. 

Front rake, 112, 113. 

oa of levers, ils [Oy (Oy 120, 180) 
Fulcrum, fixed, 77, 78, 79. 

Fulcrum, floating, 77, 78, 79. 


Gauge, Acme thread, 67, 69. 
Gauge, centre or thread, 52, 53. 
Gauge, drill point, 22, 23. 


Gauge, screw pitch or thread, 58, 59. 


Gauge, wire, 205. 

Gear, Bull gear of shaper, 79. 

Gear ratios, 132, 138, 134. 

Gear, dividing, 133, 134, 

Gear, increment of, 135. 

Gear, constant, 135. 

Gear, indexing in lathe, 71, 72. 

Gear, intermediate, 48, 136, Tet. 

Gear train, simple, 132, 133. 

Gear, translating, 138, 134. 

Gear, design of, 153 154, 155. 

Gear, proportions of, 156, 157. 

Gear, worm, 33, 88, 89. 

Gears, change, 132 to Laq. 

Gears, centre distance of, 132, 138, 
156, 157. 

Gears, reverse or tumbler, 46, 47. 

ae velocity ratio of, 46, "A, 132, 
138. 


Gearing, 
Gearing for spirals, 94, 95, 96. 
Gearing, differential, 97 to 102. 
Gearing for thread cutting, 132 to 137. 
Gouge chisel, 8, 9. 


simple and compound, 1382, 


Grade of an abrasive, 105, 106, 107. 
Grade of an abrasive wheel, 107, 108. 
Graduation on cross feed screw, 33, 


Granular structure, 164, 178, 186. 
Grain side of belt, 4, 5 


Grain size of an abrasive, 105, 106, 


107. 
Grain size of a 164, 
Grinding chisels, 7, 8, 9. 
Grinding cutting tools, 109 to 129. 
Grinding drills, 24 to 29. 
Grooving chisel, 2, 8, 9. 


Half round scraper, 17, 18. 
Half-nuts on lathe, 31, 32, 338. 
Hand reamers, 40. 

Handwheel of lathe, 33. 


Hand tools for forming on lathe, 34, 
35 


Hardening steel, 166 to 172. 


Hardening steel, line diagram of, 165. 


Hardening cracks, 167, 168, 169. 
Hardening furnace, 170, 171, 172. 


Hardening heat, 164, 165, 166, 170, 


206. 
Hardness scales, 197. 


Hardness testing, 166, 196, 197. 

Heat treatment, definitions or, 261, 

Heat treatment, equipment for, 170, 
Lyd, Ui: 

Helical angle, 55, 65, 95. 

High speed steel, 189. 

Hollow mills, 127, 129. 

Holder, tool, 115, 117. 

Holder, drill, 40, 41. 

Holders, tool, patent, 55, 56, 57. 

Holding work on shaper 83, 85. 

Hot working steel, 173, 175. 

Hydrochloric acid, use of, 37. 


Idlers, in gear trains, 133, 137. 

Increment, gear, 135. 

Increment cut on reamer, 91, 92, 93. 

Index head, 88, 89, 94, 95, 97, 98, 99. 

Index plate numbers (Brown & 
Sharpe), 140. 

Indexing, rapid, 88, 89, 90. 

Indexing, plain, 88, 89, 90. 

Indexing, differential, 97 to 102. 

Indexing a gear, 88, 89, 90, 140. 

Indexing for degrees, 90. 

Indicator, dial, 61, 62, 63. 

Inside thread, cutting an, 64 to 69. 

Intermediate gear, 48, 182, 133, 1387. 

Involute gears, 153 to 157. 

Involute gear cutters, 154, 199. 

Iron oxide, 178, 185. 


Keys, table of, 198. 

Keyway, cutting with chisel, 8, 9. 

Keyway, cutting on shaper, 80, 81, 82. 

Key, sliding on lathe apron mechan- 
ism, 31. 


Lacing of belt, 4, 5, 6. 

Land of a drill, 21, 23. 

Land of a reamer, 91, 92, 93. 

Lathe, apron mechanism of, 31, 32, 
33. 


Lathe, change gears of, 46, 47, 48. 

eo turret lathe tools, 127, 128, 
9. 

Laying out an eccentric, 48, 44, 45. 

Lead number of a lathe, 1386. 

Lead of a thread, 70, 71, 72. 

Lead of aspiral, 94, 95. 

Lead screw, 31, 32, 338, 187. 

Left hand threads, 52, 133, 134. 

Left hand spiral, 96. 

Left side tool, 69. 

Liners, for bearings, 1, 2, 3. 

Liquid baths, 171, 172. 

Long feed, 31, 32, 38. 

Lubricants, cutting, 50. 


Machine reamer, 40, 41. 
oa steel, its features and uses, 
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Machine screw, sizes, tables of, 209. 

Magnet, use of, L710; 171, 172. 

Malleable castings, 187, 

Mandrel, proportions of, 39, 200. 

Mandrels, types of, 37, 38, 39. 

Mandrel, gang, 38, 39. 

Mandrel, taper of, 37, 39. 

Mandrel, use of, 39. 

Manganese steel, its features and 
uses, 188, 189. 

Margin of a drill, 21, 22, 23. 

Martensite, 166, 173, 174, 175. 


Measuring threads, (three wire 
method), 59, 60. 
Measuring threads with thread 


micrometer, 59, 60. 
Measuring threads with calipers, 58, 
59 


Mechanics of common tools, 176, 177, 
178. 

Mechanics of lathe tools, 179, 180, 
181. 


Metric thread, cutting, 134. 

Metallic belt fasteners, 4, 5, 

Metals, fluxes used for soft soldering, 
12. 

Micrometer, screw thread, 59, 60. 

Micrometer, ten-thousandth vernier, 
159, 160. 

Mild steel, 188. 

Milling flutes in a reamer, 91, 92, 93. 

Milling spirals, 94, 95, 96. 

Milling, operation of, 88 to 102. 

Molybdenum in steel, 186. 

Morse taper, 21. 

Module of gear, 153, 155. 

Muffle furnace, 170, 171. 

Multiple threads, 70, 71, 72. 

Multiple thread cutting, 70, 71, 72. 

Multiple threads, indexing for, 71, 72. 


Natural abrasives, 105. 
Nickel steel, its features and uses, 
188 


Normalizing, 161 to 166, 173. 
Non-shrinking, oil hardening steel, 


Neutral position for lathe gears, 46, 
47, 


Odontometer, use of a, 154, 155. 

Oil, tempering, 171, 

Oil grooves for bearings, 2, 3. 

Oil hardening steel, 189. 

Open hearth furnace, use of, 185, 187. 

Oxidizing, 1, 173, 185. 

Oxide, iron, 173, 185. 

Oxide, copper, 10, 11. 

Oxide, removing for soldering, 10, 11. 

Oxide, film or color scale, 194. 

Oxygen in steel, 185. 

Outside diameter of a gear, 1538, 155, 
156. 


Parallels, use of, 68, 69. 

Parting tool, 121, 128, 125, 126. 

Parts of a lathe apron, 31, 32, 33. 

Parts of an Index head, 89, 99. 

Patent tool holders, 55, 56, 57. 

Pawl, use of a, 80, 81. 

Pearlite, 166, 173, 174, 175. 

Phosphorous in steel, 186. 

Pig iron, 185, 186, 187. 

Pilot hole, for drilling, 25, 26, 40, 41 

Pinion, 182, 183, 153. 

Pipe threads, table of, 207. 

Piteh of thread, 70571. 

Pitch diameter of thread, 201. 

Pitch diameter of a gear, 158, 155. 

Pitch gauge for threads, 58, 59. 

Pitch circle of a gear, 158, 155. 

Pitch, diametral, 153, 156. 

Pitch, circular, 153, 154, 155, 156. 

Plain seam, 14, 15. 

Plain indexing, 88, So, 90; 

Planer, operation ‘of, 182, 183. 

Plate, surface, 18, A5. 

Plate index, 88, 89, 90, 97, 98, 99. 

Platinum, use of, 170. 

Platinum Rhodium, use of, 170. 

Point of drill, thinning, 25, 26. 

Progression, change gear, 1385. 

Protractor, bevel with vernier, 159, 
160. 

Properties of various abrasive wheels, 
106, 107, 108. 

Puddled iron, 185, 187. 

Puddling furnace, use of, 187. 

Pyrometer, use of, 170, 171. 


Quenching bath, 171, 172. 
Quenching steel, 168 to 167, 172, 174. 
Questions on Benchwork, 19, 20. 
Questions on Drilling, 30. 
Questions on Grinding, 130, 131. 
Questions on Lathework, 73 to 76. 
Questions on Milling, 103, 104. 
Questions on Shaper, 86, 87. 
Questions on Shop Science, 190, 191, 
192, 193. 
Quick return mechanism of shaper, 
Tg. toy 19% 


Ratchet, use of a, 80, 81. 

Radial tool, 127, 129. 

Radial angles of twist drill, 22, 23. 
Rake angles of lathe tools, 112 to 117. 
Rack, lathe, 32, 33. 

Rapid Indexing, 88, 89, 90. 

Ratio, gear, 1382, 138, 134. 
Reamers, chucking, 40, 41, 42. 
Reamers, hand, 40. 

Reamers, fluting, 91, 92, 98. 
Reamer, cutting a, 91, 92, 98. 
Reamers, machine, 41, 42, 46. 
Reamers, indexing, 91, 92, 9s. 
Reaming in the lathe 40, 41, 42. 
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Reaming, allowances for, 40, 41, 42. 
Recalescent point, 164, 165. 


leas motion of shaper, 78, 


Resolution of forces, 110, 111, 118, 


179, 180, 181. 
Reverse gears (tumbler), 46, 47. 
Right hand thread, 52, 133, 134. 
Right hand spiral, 95, 96. 
Right side tool, 69. 


Root diameter of U.S.S. thread, 58, 


59, 60, 201. 


Root diameter of Whitworth thread, 


202. 
Root diameter of S.A.E. thread, 201. 
Root diameter of Square thread, 65. 
Root diameter of a gear, 155. 
Rosin, use of, 1. 
Rough turning, 124, 125, 126. 
Running fits, 20 


Sal Ammoniac, use of, 10, 11, 12. 
Salt bath, use of, 171, 172. 
Sawing on power saw, 183, 184. 
Scale, cast iron, 40, 109, 110, Lab 
Scraper, centre hole, 43, 44, 45, 
Scrapers, types of, 16, 17, 18. 
Scrapers, sharpening, 16, 17, 18. 
Scrapers, holding, 17, 18. 
Scraping flat surfaces, 16, 17, 18. 
Scraping curved surfaces, 17, 18. 
Scraping babbitt bearings, 17, 18. 
Screw bunter, use of a, 83, 84, 85. 
Screw cutting, 49 to 72. 
Screw pitch gauge, 59. 
Seams, plain and cramped, 14, 15. 
ae od arms of Index head, 89, 90, 
Serrations, cutting on a shaper, 80, 
81 


Setting thread tools, 52, 58, 54, 65, 
69. 

Setting a U.S.S. thread tool, 52, 53, 
54 


Setting a Square thread tool, 65. 

Setting an Acme thread tool, 69. 

Setting a turning tool, 124, 125, 126. 

S.A.E. standard thread, ‘ 

Shank, taper of drill, 21, 23. 

Shaper, crank, 77, 78, 79. 

Shaper tools, 80 to 85. 

Shaper operations, 80, 81, 82. 

Shaper, cutting speed of, 78. 

Shipper pole, use of, 177, 178. 

Shoulder, turning to a, 122, 1238. 

Side clearance, 112 to 117. 

Side rake, 112 to 117. 

Side tool, 69. 

Silicon in steel, 186, 189. 

Silico-manganese steel, 189. 

Silicon-carbide, 105, 106. 

Silicate process of abrasive wheel 
manufacture, 106, 108. 


Silver solder, use of, 13, 15. 

Simple train of gears, 46, 47, 184. 

Sine, 141, 148. 

Sine bar, 145, 146. 

Sizes of machine screws, 209. 

Skin of cast iron, 109, 110, 111. 

Skiving tool, 128, 129. 

Slant angle ‘of thread, 49, 50, 51, 64, 
65, 66. 

Slant angle of Square thread, 64, 65, 
66 


Society of Automobile 
Standard Thread, 201. 

Soft solder, 10. 

Soft soldering, 10, 11, 12. 

Solder, hard, 18, 14, 15. 


Engineers 


_ Soldering fluxes, 12. 


Soldering coppers, 10, 11. 

Solid solution, 166, 174. 

Sorbite, 166, 174, 175. 

Spatula, use of, 14, 15. 

Speed, cutting speed of shaper, 78, 79. 

Spelter, use of, 13. 

Spline, 31. 

Spotting, 40, 41, 122, 123. 

Spotting tool, 40, 41, 122, 128. 

Spotting the centre of work, 40, 41, 
122, 128; 

Spheroidizing, 161, 165, 166. 

Spindle of lathe, 46, 136, 137. 

Spiral, angle of, 95, 96. 

Spring tools, 55, 57, 88, 85, 125. 

Squaring work, "Al, "122, 123. 

Square thread, proportions of, 65, 69. 

Square thread, cutting a, 64, 65, 66. 

Square thread, cutting and shape of, 
64, 65, 66, 69. 

Stainless steel, 188. 

Standard threads, 64, 68, 201, 202, 
203. 

Stellite, its features and uses, 189. 

Steel, chipping, 8, 9. 

Steel, kinds of, 185, 187, 188, 189. 

Steel, machine, 188. 

Steel, carbon tool, 188. 

Steel hardening, 161 to 175. 


Steel, heat treatment of, 161 to 175. 

Steel, high speed, 189. 

Steel, alloy, 188, 189. 

Steel, tempering, 161 to 166, 171, 
172. 

Steel, annealing, 161, 164, 165, 178, 
WT. 

Steel, spheroidizing, 161, 165, 166. 


Steel square, use of, 138, 139. 

Steel, normalizing, 161, 163, 165, 166, 
173. 

Steel, strains in, 167, 168, 169. 

Stroke of shaper, 78, 79. 

Stud of lathe, 46, 47. 

Stonax, use of, 170. 

Surface plate, use of, 18. 

Surface gauge, use of, 43, 45. 
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Sulphur in steel, 186. 
Sweating, 11, 12. 


Table of milling machine, 94, 95, 96. 
Tallow, use of, 12. 

Tang of a drill, 21, 23. 

Tangent, 141, 142, 143. 

Tangent tool, 127, 129. 


Tap-wrench, the mechanics of, 176, 


LET. 
Taper of a mandrel, 37, 39. 
Taper attachment, angle to set, 54. 
Tee-slot, cutting a, 81, 82 


Tempering steel, 161 to 166, 171, 172. 
Template, use of for forming, 35, 36. 
Template for angle uf square thread, 


Thermometer, use of, 171, 172. 
Thermo-couple, use of, 170, 171. 


Thickness of tooth of a gear, -54, 155. 


Three wire method, 59, 60 
Threading tools, S.A.E., 
57 


Threading tools, Square, 64, 65, 66. 
Threading tools, grinding, 52 to 57. 
Threading tools, setting, 52, 53, 54. 
Thread gauge, U.S.S., 58, 58, 59. 
Thread gauge, Acme, 69. 

Thread micrometer, 59, 60. 

Thread calipers, 58, 59. 

Threads, shape of, 69. 

Threads per inch, testing, 59. 
Threads, cutting taper, 538, 54. 
Threads, gearing to cut, 132 to 137. 
Thread dial indicator, 61, 62, 63. 
“Throw” of an eccentric, 438, 45. 


Thinning the point of a drill, 25, 26. 
Tinning a soldering copper or bit, 10, 
11 


Titanium in steel, 186. 

Tongs, brazing, 14, 5. 

Tongued rib fixture for shaper, 83, 
85. 

Tool for Square thread, 65. 

Tool for Acme thread, 69. 


49, 50, 51, 
Threading tools, U.S.S., 49, 50, 51, 57. 





Tool for U.S.S. thread, 52 to 57. 

Tool, inside, for square thread, 65. 

Tool steel, its features and uses, 161 
to 175, 186, 188, 189. 

Tool for soft steel, 113, 117, 125, 126. 

Tool for medium hard steel, 117, 125, 
126. 

Tool for hard steel 118, 117. 

Tool for Cast’ Iron, 41, 42, 117. 

Tool tor Brass, 108. 117, 121, i238. 

Tool for chilled iron, 117. 

Transformation periods, 164, 165. 

Translating gear, 183, 134. 

Troostite, 166, 174. 

Tungsten Carbide, 115, 182, 189. 

Tungsten in steel, 182, 189. 

Turning a mandrel, 37, 38, 39. 


Undercutting on a shaper, 81, 83, 85. 


Vanadium in steel, 186, 188, 189. 
Vanadium steel, its features and uses, 
186, 188, 189. 
Vernier bevel protractor, 159, 160. 
Vernier calipers, 158, 159, 160. 
Vernier micrometer, 158, 159, 160. 
Vibrating arm of shaper, 77, 78, 79. 
Vitrified process of abrasive wheel 
manufacture, 106, 107, 108. 


Web of a drill, 21,23; 20, 26. 

Whitworth Standard thread, 202. 

Wire gauge sizes, 205. 

Wire, three wire method of measur- 
ing threads, 59, 60. 

Worm on lathe mechanism, 31, 32, 38. 

Worm gear on lathe mechanism, 31, 

Worm gear TATION OOM oon UE 

Working depth of a gear tooth, 158, 
154, 155, 156. 

Wrought iron, its features and uses, 
187, 189. 


Zine Butter, use of, 12. 
Zine Chloride, use of, 12. 
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